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ABSTRACT 
Kiyah J. Duffey: Determinants of dietary intake and consequences of away-from-home food 
consumption  
(Under the direction of Barry M. Popkin, PhD) 
 
 Dietary intake is a complex and multidimential behavior which has clear associations 
with many adverse health outcomes, including obesity. Away-from-home foods have 
received considerable attention as modifiable determinant of weight gain and a target for 
obesity prevention efforts.  However, epidemiologic evidence of a link between away-from-
home eating and weight gain is mixed, which may result from differences in the definition of 
away-from-home food or discrepancies in analytic methods. Furthermore, although a variety 
of individual-level determinants of away-from-home eating specifically, and dietary intake in 
general, have been explored, direct associations between intake and food price are 
understudied.  
 
 Our research addresses these substantive gaps in the literature, providing both 
methodological and substantive contributions to the field, by investigating the direct effect of 
change in food price on consumption, refining the definition of and differentiating between 
sources of away-from-home food (i.e. sit-down style restaurants versus fast food outlets), and 
examining the long-term health consequences of frequent away-from-home eating. These 
analyses were conducted using data from the Coronary Artery Risk Development in Young 
Adults Study, a 20-year prospective longitudinal cohort of 5,115 young adults. Community 
food prices were linked to detailed diet and health data by residential location over the full 
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20-year period. We report that food and beverage price seems to be an important determinant 
of dietary behavior: price changes were significantly associated with changes in 
consumption, total energy intake, body weight, and measures of insulin resistance over a 20-
year period. In addition, we show important independent consequences of frequent restaurant 
versus fast food consumption on subsequent body weight, cholesterol levels, and measures of 
insulin resistance.  
 
 In summary, this research makes significant contributions to the field by advancing 
our understanding of the influence of food price on consumption behavior and identifying the 
differential effects of restaurant versus fast food consumption on health. Combined, these 
results have important implications for the creation of effective educational campaigns, 
obesity interventions or prevention efforts, and state and national nutrition policies. 
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I. Introduction 
 
A. Background 
 Obesity and its associated co-morbidities are major public health concerns, and while 
the multifactorial etiology of obesity is not well understood, relationships between away-
from-home food consumption, sweetened beverages, and obesity have been hypothesized. 
Away-from-home eating is cited as a modifiable factor determining weight gain and obesity, 
and is thus viewed as a potential target for obesity prevention efforts. While the contribution 
of away-from-home foods to overall total energy, added fat, and refined sugar intake provide 
plausible mechanisms by which consumption might lead to greater weight gain, 
epidemiological evidence of this effect is sometimes mixed. Inconsistent findings could be 
the result of discrepancies in analytical techniques, which highlights the need to explore 
alternative methods for evaluating the relationship between away-from-home food 
consumption and subsequent health outcomes. Alternatively, the observed inconsistencies 
may be the result of differential definitions of away-from-home food, namely that fast food 
and other away-from-home options are not examined independently of one another.  
 
 A variety of individual-level determinants of sweetened beverage and away-from-
home food consumption, most notably sociodemographic factors, have been explored, but 
largely missing from the literature on this topic is a direct examination of the role of food and 
beverage price. To date, research in this area has relied largely on aggregate measures of 
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food price, food availability, or food intake to estimate individual-level effects, which 
requires the acceptance of numerous assumptions that may not be valid (i.e. that availability 
is equal to consumption). Furthermore, attempts to examine the indirect effect of food price 
on health outcomes, such as weight, have been accomplished using theoretical economic 
models, unassociated with individual-level outcome data. As a result, we have little empirical 
evidence of the relationships between food and beverage price, consumption, and health 
outcomes. 
 
 In this study, we capitalize on the opportunity to explore the economic determinants 
of food and beverage consumption, as well as the associated health consequences of beverage 
and away-from-home food intake in a sample of US adults. Our analyses were conducted 
using data from the Coronary Artery Risk Development in Young Adults (CARDIA) Study, 
a 20-year longitudinal cohort of 5,115 young adults. Detailed diet and health data for each 
CARDIA participant were linked to community food prices by residential location over time. 
This research fills important gaps by quantifying the influence of food and beverage price on 
consumption and by broadening our understanding of the role of away-from-home food 
consumption as a potential causal mechanism of obesity and its associated co-morbidities. 
 
B. Research Aims 
 The overarching goal of these analyses was to improve our understanding of the 
relationship of away-from-home food consumption with obesity, insulin resistance, and 
metabolic outcomes, with particular attention paid to evaluating the influence of price on 
these relationships. Specific aims were as follows: 
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1)  Examine the relationship between price consumption, and selected health outcomes.  
a. Determine the changes in price of beverages (low- and whole-fat milk, fruit juice, 
soda) and away-from-home foods (pizza and hamburgers) over a 20-year period. We 
hypothesized a decline in the real price of all foods and beverages, with a more 
pronounced decrease in the price of soda compared to all other foods.  
 
b. Determine the relationship between changes in food and beverage price with 
changes in consumption, total energy intake, weight, and glucose status over a 20-
year period. We hypothesized that increased prices would be associated with declines 
in consumption, specifically that as the price of a given food (beverage) increased 
daily energy obtained from that food (beverage) would decrease. Furthermore, we 
hypothesized that increases in the price of soda, pizza, and hamburgers would be 
associated with declines in total energy intake, weight gain, and metabolic outcomes 
over the 20-year period. We used log-log models of elasticity to determine the effect 
of percent change in price on percent change in each outcome across each of the six 
food and beverage groups of interest. 
 
2)  Determine the longitudinal relationship between the frequency of away-from-home eating 
with weight and metabolic outcomes, and to further determine if these relationships differ for 
fast food versus sit-down style restaurant consumption. We hypothesized that an increased 
frequency of consuming fast food would be positively associated with weight and metabolic 
outcomes over time while an increased frequency of consuming restaurant foods would not. 
We used fixed-effect repeated measures conditional regression models to examine these 
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relationships over a 13- year period (1992-2006). In addition to being able to handle 
longitudinal data on subjects with varying numbers of unequally spaced observations, these 
models adjust for potential confounding from both measured and unmeasured (or 
unobserved) time invariant characteristics that are not modifiers of the relationship of 
interest.  
 
  
II. LITERATURE REVIEW 
 
A. Obesity is a Major Public Health Concern 
 The prevalence of obesity has risen dramatically in the past few decades among all 
race, gender, and age groups (Flegal, Carroll et al. 2002; Hedley, Ogden et al. 2004; Ogden, 
Carroll et al. 2006) and now affects nearly one-third of the American adult population with a 
full 66% overweight or obese (Ogden et al. 2006). Worldwide, the number of overweight and 
obese individuals far surpasses the number that are malnourished (Popkin 2008). Among 
adolescents (aged 12-19 years) there was a near tripling of the prevalence of overweight from 
5% through the 1980s (Flegal 2005) to 16% in 2006 (Ogden et al. 2008). Anthropometric 
measures, particularly BMI (Freedman et al. 2004), are positively correlated through young 
and middle adulthood (Serdula et al. 1993; Gordon-Larsen et al. 2004), and weight loss later 
in life is not consistently associated with improvements in risk factors (Douketis et al. 2005).  
 
 Furthermore differences in the rates of obesity and obesity related health outcomes 
exist between ethnic groups (McTigue et al. 2003; Freedman et al. 2005; Ogden et al. 2007) 
and by socioeconomic status (Lillie-Blanton et al. 1996; Williams 1997; Gordon-Larsen et al. 
2003; Borders et al. 2006). For example, African Americans and other minority groups 
experience higher rates of obesity (Sobal and Stunkard 1989; Ball and Crawford 2005), tend 
to experience obesity incidence at younger ages (McTigue et al. 2003), and are at increased 
risk for developing obesity related health outcomes at lower BMI levels (Gordon-Larsen et 
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al. 2002) compared their White counterparts. Many of these differences are likely mediated 
by socioeconomic status (Robert and Reither 2004).    
 
 Obesity is a complex disease associated with numerous adverse health outcomes (Pi-
Sunyer 1993; NTFPTO 2000; Uauy and Diaz 2005; Mainous, Diaz et al. 2008) including 
type 2 diabetes, cardiovascular disease, and some cancers, and to increased mortality overall 
(Flegal et al. 2005). Further associations have been made to economic losses from both direct 
and indirect costs (Must et al. 1999), and reductions in psychological health and quality of 
life (Kruger 2007; Gray and Leyland 2008; de Wit et al. 2009). There are myriad pathways 
leading to the development of obesity with contributions from biological, behavioral, social, 
and environmental determinants. Nonetheless, the epidemic of obesity that we currently face 
is predominantly behaviorally, socially, or environmentally based due to the slow rate of 
genetic mutation compared to the time frame over which the epidemic has emerged. We 
focused our efforts on examining the role of these potential contributors, specifically the 
consumption of low-cost calorically dense foods and beverages, in the US obesity epidemic. 
 
B. Co-morbidities of obesity: diabetes and the metabolic syndrome 
 Obesity is considered a salient and modifiable risk factor of type 2 diabetes (T2DM) 
(Cassano et al. 1992; Goran et al. 2003; Schienkiewitz et al. 2006; Mayer-Davis 2008), and 
over the last several decades the trend in T2DM has paralleled the rise in obesity rates 
(Centers for Disease and Prevention 2004; Ogden, Yanovski et al. 2007). A recent meta-
analysis illustrates that body mass index is significantly associated with incident diabetes 
among adults (Vazquez et al. 2007). Obesity affects both insulin sensitivity and insulin 
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secretion: in an obese state, adipose tissue releases increased amounts of non-esterified fatty 
acids, hormones, pro-inflammatory cytokines, and other factors which ultimately act to limit 
the amount of glucose uptake by muscles (Felber and Golay 2002). When this is further 
accompanied by dysfunction of the pancreatic islet beta-cells – the cells that produce insulin 
– failure to control blood glucose levels (diabetes) arises (Kahn et al. 2006). Insulin 
sensitivity, an important correlate of plasma lipoproteins (Laakso et al. 1990; Kekalainen et 
al. 2000), is often cited as the common link between obesity and multiple metabolic risk 
factors (Reaven 1997), however there is recent recognition that cytokines secreted by 
adipocytes (present in overabundance among overweight and obese individuals) may underly 
the pathophysiology of both insulin resistance and the metabolic syndrome, a cluster of 
disorders characterized by central obesity and any two of the following: hypertension, 
hypertriglyceridemia, reduced high-density lipoprotein cholesterol (HDL-C), or impaired 
fasting glucose (Alberti et al. 2005).  
  
 Independent of its relationship to insulin resistance or T2DM, obesity is a risk factor 
for several other metabolic outcomes. Overweight and obesity account for an estimated 66% 
of the increased risk of hypertension in some populations (Garrison et al. 1987; Huang et al. 
1998), and body mass index, waist circumference, and waist-to-hip ratio measures have all 
been shown to be predictors of hypertension (Dyer et al. 1999; Guagnano et al. 2001; Zhu et 
al. 2002). The link between dyslipidemia, one of the most common disorders associated with 
obesity, and obesity is not well understood, but evidence suggests that insulin resistance may 
be the underlying mechanism (Ginsberg et al. 2006; Reaven 2008): insulin resistance 
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diminishes the inhibitory effect of insulin on the release of free fatty acids from adipose 
tissue.  
 
C. The changing food environment  
 Although the field of geography has long recognized the connection between people 
and their environment, only in recent decades has the field of public health turned its 
attention toward the physical food environment as a potential determinant in shaping 
individual behaviors associated with disease development.  With respect to dietary patterns 
and obesity, understanding the food environment as it relates to the availability of food stuffs 
is particularly salient as convenience and availability are important predictors of food habits 
among adolescents (French, Story et al. 2001; Story, Neumark-Sztainer et al. 2002; 
Neumark-Sztainer, Wall et al. 2003; Boutelle, Fulkerson et al. 2007) and adults (Glanz, Basil 
et al. 1998; Inglis, Ball et al. 2005). The food environment might also directly affect 
individual dietary behaviors, in particular patterns of away from home food eating, through 
targeted placement of food stores (Block, Scribner et al. 2004; Austin, Melly et al. 2005).   
 
 At the community-level, differences in the food environment between racially and 
economically segregated neighborhoods may explain some of the differences in health 
outcomes, such as obesity, that are observed even after accounting for individual-level 
factors (Pickett and Pearl 2001; Robert and Reither 2004).  Numerous studies have 
demonstrated differential access to food places, including supermarkets, smaller grocery 
stores, restaurants and fast food places, by neighborhood deprivation (Cubbin, Hadden et al. 
2001; Cummins, Stafford et al. 2005), ethnic composition (Block, Scribner et al. 2004; 
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Moore and Diez Roux 2006), and area-level wealth (Morland, Wing et al. 2002; Reidpath, 
Burns et al. 2002).      
 
D. Away-from-home eating has important relationships with many aspects of health 
1. Determinants of away-from-home eating  
 In the past few decades there have been dramatic shifts in the patterns of away-from-
home food eating among adolescents and adults. Daily calories are more frequently coming 
from energy-dense nutrient poor foods and snacks (Flegal et al. 2005) in larger portion sizes 
(Nielsen and Popkin 2003). Additionally, a growing number of meals are being consumed 
away-from-home (Zizza et al., 2001; Nielsen et al., 2002), with these meals providing a 
greater proportion of total daily calories (French et al. 2001; Nielsen et al. 2002; Jeffery and 
Utter 2003). Although rates of away-from-home consumption have increased among all age-
gender groups, the greatest change was observed among males aged 18-39, who consumed 
39% of their daily calories away-from-home (Guthrie et al. 2002), accounted for in large part 
by salty snacks, soda/fruit drinks, Mexican food, and pizza (Guthrie et al. 2002). 
Associations with frequent away-from-home eating have been made to younger age, lower 
income, fewer years of education, and minority race in some (Satia, Galanko et al. 2004; 
Schmidt, Affenito et al. 2005) but not all studies (Kant and Graubard 2004).  
 
2. Association with obesity and metabolic outcomes  
 The parallel trends of increased consumption of food away-from-home (in particular 
fast food) and obesity beginning in the 1980s provide ecological-level evidence of a link 
between the two.  Associations between away-from-home eating and overweight and obesity 
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have also been observed at the individual level (French et al. 2001; Paeratakul et al. 2003).  
Frequent consumption of restaurant and fast foods has been associated with higher BMI 
(Bowman and Vinyard 2004; Lin et al. 2004) and body fatness (McCrory et al. 1999) in cross 
sectional studies, although in some cases these associations were observed in females but not 
males (Jeffery and French 1998) or high income versus low income females only (Lin et al. 
2004).  Increased away-from-home food consumption is also associated with greater weight 
gain (French et al. 2000; Duffey et al. 2007; Rosenheck 2008) and insulin resistance (Pereira 
et al. 2005), evidence of a potentially causal relationship between away-from-home eating 
and adverse metabolic outcomes.  
 
3. Association with dietary patterns and diet quality  
 One proposed mechanism by which away-from-home eating may be associated with 
weight gain is through its impact on diet (Prentice and Jebb 2003). Away-from-home food 
tends to be higher in total calories, total & sat fat, and refined carbohydrates (Lin et al. 1999; 
Cavadini et al. 2000) and tends to be served in significantly larger portion sizes (Young and 
Nestle 2002; Nielsen and Popkin 2003; Smiciklas-Wright et al. 2003; Diliberti et al. 2004) 
than foods consumed at home. Persons who regularly consume food away-from-home have 
diets characterized by greater energy density (Bowman and Vinyard 2004), higher total 
energy intake per day (McCrory et al. 1999; Bowman and Vinyard 2004) and per eating 
occasion (Guthrie et al. 2002), a higher percent of energy from fat (French et al. 2001; 
Schmidt et al. 2005), and increased consumption of carbonated soft drinks (Paeratakul et al. 
2003), Futhermore, their diets tend to be characterized by lower intakes of fiber (Clemens 
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1999; Guthrie, Lin et al. 2002), Vitamins A and C (Paeratakul et al. 2003), and fruit, 
vegetables and dairy products (Paeratakul, Ferdinand et al. 2003; Satia, Galanko et al. 2004).  
 
 Evidence suggests that tracking of overall diet quality, dietary preferences, and 
macronutrient intake occurs between young adulthood and adulthood (Dunn et al. 2000; 
Bertheke Post et al. 2001), yet there is a relative absence of longitudinal studies investigating 
long-term patterns of away-from-home consumption and select few have examined the 
effects of frequent away-from-home eating and energy intake over time (French et al. 2000; 
Schmidt et al. 2005). Furthermore, a vast majority of studies do not differentiate between fast 
food restaurants and more traditional, family-style dinning places, which may be 
differentially associated with long-term diet behaviors or weight gain (Duffey et al. 2007) 
and only two have examined the modifying effect of race (Thompson et al. 2004; Pereira et 
al. 2005).   
 
 Because of the link between diet patterns and obesity (McCrory et al. 2000; 
Quatromoni et al. 2002; Koh-Banerjee et al. 2003), there is a need for better understanding of 
the relationship between away-from-home eating and diet quality as well as identification of 
modifiable predictors of these behaviors. In the research described herein, we took advantage 
of a large ethnically and economically diverse longitudinal sample of US adults. These data 
contain information on away-from-home food consumption from both fast-food and sit-down 
style restaurants, as well as detailed measures of multiple health outcomes. Thus, we were 
able to more fully investigate the differential effects of these two food sources, their 
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association with multiple health outcomes, and add scientific knowledge concerning these 
important relationships. 
 
E. Food price as a determinant of diet and predictor of health 
1. Price is a factor in food choice  
 Individual food choice is influenced by numerous factors including taste, economy 
(food price and income), convenience (opportunity costs), health (including weight) and 
variety (Finkelstein et al. 2004; Cardello and Garr (In Press) 2009), in addition to the 
powerful influences of marketing, and peer/social norms (e.g. (Glanz et al. 1998; Booth et al. 
2001; Story et al. 2002; Laraia et al. 2004; Popkin et al. 2005)). Although taste, economy (i.e. 
cost) and convenience consistently rank highest, some studies suggest that there are 
important differences by socioeconomic status (Mooney 1990; Kamphuis et al. 2007). The 
poor are typically more sensitive to food price changes and there is a positive effect between 
income and away from home food expenditures (Guo, Popkin et al. 1999; Stewart, Blisard et 
al. 2004; Ng, Zhai et al. 2008).  
 
 The relationship between price and consumption is likely mediated by accessibility. 
Urban dwelling individuals have been shown to pay considerably more for the same foods 
purchased in their smaller, community stores compared to suburban dwelling residents who 
can purchase from large chain supermarkets (Chung and Myers 1999). Larger supermarkets 
tend to offer a greater variety of nutritious food options at lower cost (Chung and Myers 
1999; Eisenhauer 2001), but these stores have largely moved out of urban areas (Nayga and 
Weinberg 1999). Differences in the presence of food stores, cost of purchasing healthier food 
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items at these food places, and other individual-level factors, such as lack of transportation, 
may substantially limit the opportunity for healthy eating among less wealthy, minority 
individuals.   
 
2. Food cost and diet quality 
 Current dietary recommendations emphasize consumption of fresh fruits and 
vegetables, whole grains, and lean protein, encouraging limited consumption of items like 
sugar-sweetened beverages and fast food. However, in the US and elsewhere, it has been 
documented that these healthier foods tend to cost more (Drewnowski, Darmon et al. 2004; 
Darmon, Darmon et al. 2005; Drewnowski and Darmon 2005; Drewnowski and Darmon 
2005; Drewnowski, Monsivais et al. 2007) and that diet quality is often a function of social 
class (Darmon and Drewnowski 2008). Wealthier consumers tend toward more varied, 
healthier, and higher quality diets (e.g. (Irala-Estevez, Groth et al. 2000; Martikainen, 
Brunner et al. 2003)) compared to lower-income consumers (e.g. (Smith and Baghurst 1992; 
Hulshof, Brussaard et al. 2003)). Regular adherence to healthier diets has also been shown to 
cost more (Darmon et al. 2005; Schroder 2006) and to be inversely associated with BMI 
(Schroder 2006; Murakami et al. 2007).  
 
3. Individuals’ responses to food price are not static 
 Food price represents a modifiable factor that could be targeted for population-level 
interventions and nutrition policies (Horgen and Brownell 2002). Multiple strategies have 
been used to study the relationship between changes in price and consumption. Using linear 
modeling to predict food purchasing decisions given budget constraints, Darmon et al. found 
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that strengthening cost constraints placed on foods resulted in a reduction in the proportion of 
energy contributed from fruits, vegetables, meats and dairy products, and increased that from 
cereals, sweets and added fats (Darmon et al. 2002). The overarching result was a decrease in 
diet quality. Several small-scale quasi-experimental studies demonstrated that price 
reductions on healthier, low-fat food options in vending machines and in school and 
workplace cafeterias were associated with increased sales of those food items (French, Storey 
et al. 1997; French 2003). A comparison of three price reductions of 10%, 25% and 50% on 
lower-fat snacks in high school vending machines resulted in an increase in sales of 9%, 39% 
and 93%, respectively, compared with usual price conditions (French, Jeffery et al. 2001).   
 
 Other studies have shown more direct effects of changes in price on consumption. 
City-wide taxes on high-fat dairy products was associated with city-wide decreases in the 
sales of these items in the US (Chouinard et al. 2007), and price increases were predicted to 
result in a decreased demand, and consumption, of dairy products in the European Union 
(Bouamra-Mechemache et al. 2008). Finally, experimental laboratory studies (Epstein et al. 
2006; Epstein et al. 2007) have shown that changes in food price can influence the purchase 
of low- and high-energy density foods.  
 
4. Associations of price with consumption and weight 
 Another, albeit considerably smaller, body of research has utilized econometric 
modeling strategies (Schroeter et al. 2008) or indirect price estimates (Schroder 2006) in an 
attempted to examine the ways in which price fluctuations effect subsequent health 
outcomes. Adherence to the Mediterranean Diet Score and the Healthy Eating Index resulted 
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in significantly higher daily food cost ($1.50- $1.75/day), but was also associated with 
having a lower BMI (Schroder 2006). Some researchers, however, warn that there is too little 
evidence to support proposed price changes as a means for improving health outcomes 
(Finkelstein et al. 2004), particularly if alternative purchasing options are not also considered 
(Huang 1997; Caraher and Cowburn 2005). At least one empirical analysis demonstrated that 
increasing the cost of away-from-home food could result in increased body weight, 
depending on the concurrent price changes to alternative (i.e. replacement) foods (Schroeter 
et al. 2008).  
 
 Generally, estimation studies on the effect of price on diet and health outcomes use 
household or aggregate (county, state, or national level) expenditure data converted to 
estimates of average per capita food spending. Thus, the major limitation of these studies is 
that they do not directly link an individual’s food costs to that individual’s dietary intake or 
subsequent health experience, nor can they account for changes in individual or family-level 
income. In this research, we used price, consumption, and health data that were directly 
measured at the level of the individual to fill these important gaps in the literature.  
  
F. Current gaps in knowledge and research needed 
 Through this research, we were able to fill important gaps in our understanding of the 
economic determinants of decisions to consume away-from-home foods, and the 
consequences of such decisions on subsequent health outcomes. Although plausible 
mechanisms for the role of away-from-home food consumption in weight gain and other 
metabolic outcomes exist, epidemiologic studies have often produced inconsistent results. 
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Such inconsistencies could result from methodological limitations, including incomplete 
control for unmeasured confounding factors or failure to account for the differential 
associations of various types of away-from-home foods (i.e. fast food versus sit-down style 
restaurant consumption).  
 
 Our research addresses these methodological concerns and adds important insight to 
the health implications of frequent away-from-home eating. Furthermore, we fill an 
important gap in the literature of determinants of food and beverage purchasing behaviors by 
examining long-term changes in the relationship between food price and consumption at the 
individual-level. By deepening our understanding of the extent to which prices influence 
intake decisions, and the degree to which various away-from-home food sources are related 
to weight and metabolic health outcomes we can better inform future health policy and 
intervention strategies aimed at obesity prevention. 
 
  
III. Methods 
 
A. Description of the population & study sample 
1. Overview of study design and sampling  
 The Coronary Artery Risk Development in Young Adults (CARDIA) Study was 
initiated to examine the development of heart disease during adulthood. At baseline (1985-
86) the sample included 5,115 participants, aged 18-30, who were randomly selected from 
four US cities: Birmingham AL, Chicago IL, Minneapolis MN, and Oakland CA. 
Recruitment procedures were similar, though not identical, between the four locations and 
have been described in detail elsewhere (Hughes et al. 1987). Briefly, participants were 
randomly selected and recruited by telephone from census tracts in Minneapolis and 
Chicago, by telephone exchanges in Birmingham, and from lists of Kaiser-Permanente health 
plan membership in Oakland. Each of the centers was successful in recruiting sex, race 
(black and White), education and age (18-25 and 25-30yrs) balanced baseline samples. 
Follow-up interviews were conducted at Exam years 2 (1987-1988), 5 (1990-1991), 7 (1992-
1993), 10 (1995-1996), 15 (2000-2001), and 20 years (2005-2006) post baseline with 
retention rates of 90%, 86%, 81%, 79%, 74% and 72% respectively. A complete listing of 
exam components can be found at the CARDIA website (CARDIA 2009).  
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2. Exclusions 
 The sample utilized for all aims of this analysis excluded female participants who 
were pregnant at the time of interview because changes in dietary intake, weight, and/or 
health status during pregnancy are not the focus and do not necessarily reflect permanent 
changes in behavior or the outcomes of interest. By outcome, participants (or participant 
observations in longitudinal models) were excluded if they had the outcome of interest at 
baseline (i.e. those who were obese at baseline in models examining incident obesity), or 
were taking medication designed to effect the outcome (i.e. those taking cholesterol lowering 
medication in models examining the incidence of high Low-density lipoprotein cholesterol 
[LDL-C]). Specific sample sizes are described in greater detail for each analysis. 
 
B. Measurement of key variables 
1. Away-from-home eating and dietary intake  
 Frequency of fast food and restaurant consumption was assessed using two separate 
questions. To determine fast food consumption, participants were asked “How many times in 
a week or month do you eat breakfast, lunch, or dinner out in a place  such as McDonald’s, 
Burger King, Wendy’s, Arby’s, Pizza Hut, or Kentucky Fried Chicken?” To estimate 
consumption at non-fast food restaurants, participants are asked “How many times in a week 
or month do you eat breakfast, lunch, or dinner in a restaurant or cafeteria (eat-in or take 
out)?” All responses were calculated to reflect a per week consumption frequency. 
 
 Dietary intake was assessed using a semi-quantitative, interviewer administered, 
validated (Slattery et al. 1994) Diet History Food Frequency Questionnaire. Details 
 19 
pertaining to the development of the questionnaire have been described elsewhere 
(McDonald, Van Horn et al. 1991; Hilner, McDonald et al. 1992). The quantitative diet 
history was administered to all participants at baseline (Exam year 0), Exam year 7, and 
Exam year 20. It asked participants to report the type, amount, and frequency of foods eaten 
during the past month and probed further into preparation methods, including specific fats 
used in cooking. A selection of additions commonly made to foods while cooking were also 
included to obtain a more accurate estimate of total calories, fat, and carbohydrates in the 
diet. From the diet history, food groups were created based on typical consumption behavior. 
For example, hamburgers from a fast food restaurant were included in the “sandwiches/ 
hamburger/ fast food” food group rather than the component parts of the hamburger being 
included in several food groups (i.e. “Grain”, “Beef”, and “Leafy green vegetables”). 
Estimates of daily intake of energy, macro (i.e. protein), and micronutrients (i.e. calcium) 
were associated with each food group.  
 
2. Anthropometric variables 
 Anthropometric measures were obtained using trained technicians using equipment 
which was calibrated weekly with participants standing and dressed in light clothing without 
shoes. Bodyweight was measured to the nearest 0.2 kg using a balanced beam scale, height 
was measured to the nearest 0.5 cm using a vertical ruler, and waist size with a tape in 
duplicate to the nearest 0·5 cm around the minimum abdominal girth. BMI was calculated as 
weight (kg) divided by height (m2). At each Exam year, we generated dichotomous indicator 
variables to identify individuals as underweight (BMI <18.5 kg/m2), normal weight (BMI 
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18.5-29.9 kg/m2), overweight (BMI 25-29.9 kg/m2) or obese (BMI ≥30 kg/m2) according to 
the National Institutes of Health clinical cut points (National Institutes of Health 1998).  
 
3. Biochemical measurements 
 Blood samples were drawn following an overnight fast using a Vacutainer containing 
EDTA. Cells were separated from plasma, which was transferred into airtight vials and 
stored until shipment to the University of Washington Northwest Lipid Research 
Laboratories (Seattle).  Total cholesterol and triglycerides were measured by enzymatic 
methods within 6 weeks of collection. HDL-C was assayed after dextran sulfate-magnesium 
precipitation (Warnick et al. 1982), and LDL-C was estimated from the Friedewald equation 
(Friedewald 1972). Glucose was measured using hexokinase coupled to glucose-6-phosphate 
dehydrogenase, as was serum insulin with an immunoassay (Linco Research Inc, St Louis, 
Missouri). The homeostasis model of insulin resistance (HOMA-IR) was calculated as 
[glucose (mmol per liter) X insulin (µU per liter)]/22.5](Matthews et al. 1985). 
 
4.  Food and beverage prices 
 Food price data were compiled by the Council for Community and Economic 
Research (C2ER, formerly the American Chamber of Commerce Research Association, 
(C2ER 2008)). Conducted quarterly for approximately 300 US communities, this survey 
provides price variables for more than 60 consumer goods and services complied across 
participating metropolitan and non-metropolitan areas. Grocery items (i.e., specific foods and 
beverages), fast food items, cigarette prices, and cost of living and overall price indices have 
been collected as part of the Inter-City Cost of Living Index, published quarterly since 1968. 
Price data were linked to CARDIA respondents temporally (based on the year and quarter of 
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CARDIA exam dates) and spatially (based on the respondent’s residential location at each 
time point). Respondents for whom there was not a direct match between residential location 
and the city and year in which food price data were collected, prices were imputed. Using the 
consumer price index (CPI) we inflated prices for the particular year and quarter in which the 
individual diet surveys were conducted. The CPI with the index of Year 2006, quarter 3 
(index=100%) was used as the baseline to inflate the nominal values for all prices, allowing 
for comparability in food prices over the full 20 year period. 
 
5. Additional covariates 
 Non-anthropometric or biological variables relevant to these analysis include race, 
gender, age (in years), education (less than high school [HS], completed HS, some college, 4 
or more years of college), family structure (single, married, single with children, married 
with children), and smoking status. Physical activity was assessed using the validated 
CARDIA physical activity questionnaire (Jacobs et al. 1989). Results are reported in exercise 
units (EU) per week. A measure of sedentary behavior, hours of TV viewing per week, was 
also collected. 
 
 For Aim 2, information on the cost of living (COL) was obtained for all participants 
(C2ER 2008). The COL index measures differences in the cost of consumer goods and 
services, excluding taxes and non-consumer expenditures. Collected on more than 50,000 
prices covering 60 different items, the index is based on six component parts – housing, 
utilities, grocery items, transportation, health care and miscellaneous goods and services. 
Prices were collected quarterly by chambers of commerce, economic development 
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organizations or university applied economic centers in each participating urban area (C2ER 
2008). As with the price data, COL was linked both spatially and temporally to each 
CARDIA respondent. 
  
IV. Increased food prices are associated with changes in diet, weight, and HOMA 
insulin resistance over 20 years of the CARDIA Study 
 
A. Introduction 
While policies are beginning to target factors affecting price, including taxation of 
foods and beverages, as a way to address obesity, diabetes, and other nutrition-related health 
concerns, minimal research has been done to study how these changes would impact health.  
Taxation has been a very effective way to reduce adult and teen smoking (Grossman and 
Chaloupka 1997; Chaloupka et al. 2002).  In contrast, research on the role of food and 
beverage pricing has focused on broad ecological relationships (Cash et al. 2005; Finkelstein 
et al. 2008; Schroeter et al. 2008) or small experiments (French et al. 2001; French 2003; 
Epstein et al. 2006; Epstein et al. 2007) but has not examined direct effects on food and 
beverage choices in large populations or over long periods of time. 
 
To compensate for food environments where healthy foods (i.e. fresh fruits and 
vegetables) tend to cost more (Drewnowski and Darmon 2005; Drewnowski and Darmon 
2005), public health professionals, politicians and others have suggested that foods high in 
calories, saturated fat, or added sugar be subject to added taxes and/or that healthier foods be 
subsidized (Jacobson and Brownell 2000; Cash et al. 2005; Chouinard et al. 2007; Popkin 
2008). Such measures, or a combination of these measures, could prove to have a particularly 
powerful impact for lower income individuals because they are typically more sensitive to 
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changes in food price (MacDonald and Nelson Jr. 1991; Chung and Myers 1999; Stewart et 
al. 2003; Stewart et al. 2004; Popkin 2008) and because lower income consumers tend to 
have less varied, lower quality diets compared to higher income consumers (Hulshof et al. 
2003). Manipulation of food prices, through subsidies and other methods, has been a 
mainstay of global agricultural and food policy (Popkin 2008; von Braun 2008) employed as 
a means to increase availability of animal foods and basic commodities, but it has not been 
readily employed as a mechanism to promote public health and chronic disease prevention 
efforts (WHO 2000; WHO/FAO 2003; Popkin 2008).  
 
This is beginning to change. The state of Maine currently taxes manufacturers on 
bottles of simple syrup and consumers on bottled soft drinks. In 2008 the state of New York 
proposed an 18% consumer tax on soft drinks, and other cities and states around the country 
are reviewing similar options as a means to promote health and raise money for underfunded 
health care systems. Some researchers warn that there is little evidence that a tax on these 
[high calorie, sugary foods] products would improve health (Finkelstein et al. 2004), 
particularly if alternative purchasing options (e.g. food substitutions) are not also considered 
(Caraher and Cowburn 2005). For instance, increases in coffee prices might be linked with 
reduced cream or sugar intake and increased tea intake (Huang 1997; Ng et al. 2008).    
 
We investigate the secular trends in selected food and beverage prices and the 
association of these changes with consumption (also known as the price elasticity of 
demand), total caloric intake, weight and homeostasis model assessment- insulin resistance 
(HOMA-IR) over a 20-year period in the Coronary Artery Risk Development in Young 
 25 
Adults (CARDIA) Study. Price elasticity of demand is defined as the measure of 
responsiveness in the quantity demanded for a commodity as a result of change in price of 
that same commodity. We used directly measured individual-level food consumption and 
health outcome data linked with community price data (specific to each individual’s time-
varying residential location at the time food consumption data were collected) to examine the 
relationships between price changes and changes in dietary intake and selected health 
outcomes.  
 
B. Methods 
1. Study population 
 The Coronary Artery Risk Development in Young Adults (CARDIA) Study is a 
multicenter, longitudinal study of the determinants and evolution of cardiovascular disease 
risk in Black and White young adults. CARDIA participants were drawn from one of four US 
cities (Birmingham, AL; Chicago, IL; Minneapolis, MN; Oakland, CA), with recruitment 
procedures designed to create a balanced representation of age, gender, ethnicity, and 
education group in each location. The baseline survey was completed by 5,115 young adults, 
aged 18-30. Follow-up examinations were conducted at 2, 5, 7, 10, 15 and 20 years post 
baseline with retention rates of 91%, 86%, 81%, 79%, 74%, and 72% respectively. Data from 
exam years 0, 7, and 20 were used for this study, as these are the years in which dietary data 
were collected. Detailed descriptions of the sampling plan and cohort characteristics are 
described elsewhere (Hughes et al. 1987; Friedman et al. 1988).    
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2. Food Prices 
Food price data were compiled by the Council for Community and Economic 
Research (C2ER, formerly the American Chamber of Commerce Research Association, 
(C2ER 2008)). Conducted quarterly for approximately 300 US communities, this survey 
provides price variables for more than 60 consumer goods and services across participating 
metropolitan and non-metropolitan areas including: grocery items (i.e., specific foods, 
beverages), fast food items, cost of living and overall price indices, and cigarette prices. 
From the available price data, we selected  the following beverage and food variables based 
on comparability with individual-level food consumption data in CARDIA: soft drink (cost 
for a 2 Liter (L) bottle of Coke), whole milk (cost for one-half gallon), orange juice (cost for 
a 6 ounce (oz) can frozen juice), hamburger (1/4 pound (lb) burger, purchased away-from-
home), and pizza (12-13 inch cheese, thin crust purchased away-from-home). We also 
include a selection of prices of hypothesized complementary and replacement foods and 
beverages: beer (cost of a 6 pack, 12 oz bottles), wine (cost of a 1.5 L bottle), coffee (cost of 
a 1 lb can of ground coffee), bananas (cost of 1 lb), steak (cost of 1 lb., USDA choice), 
parmesan cheese (cost of 8 oz, grated), and fried chicken (cost of 2 pieces, thigh and 
drumstick, purchased away-from-home). Although we would have ideally included the price 
of alternative types of milk (i.e. low-fat milk) or away-from-home sandwiches (i.e. chicken 
sandwich) this information was not collected and thus not available to us.  
 
We inflated prices by the consumer price index (CPI) for the particular year and 
quarter in which the individual diet surveys were conducted to remove the effect of inflation. 
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The CPI represents changes in prices of all goods and services purchased for consumption by 
urban households, including user fees and sales and excise taxes, but excluding income taxes 
(Bureau of Labor Statistics 2001). We used the CPI with the index of Year 2006, quarter 3 
(index=100%) as the baseline to inflate the nominal values for all prices.  
 
We linked price data to CARDIA respondents temporally (based on the year and 
quarter of CARDIA exam dates) and spatially (based on the respondent’s residential location 
at each time point). For respondents for whom there was not a direct match between 
residential location and the city (defined using Metropolitan Statistical Areas (MSA) and 
year in which food price data were collected, prices were imputed (n = 3,503 observations 
(29%)). For example, if a respondent’s residential location had a single matching MSA code 
and price data were available for the year and quarter in which the respondent was surveyed, 
prices from that matching MSA were assigned to the respondent. A dummy variable 
indicating imputed prices was included in all final models. Excluding the indicator variable, 
or the imputed values, did not result in significant changes in our estimates.  
 
3. Dietary Assessment 
Usual dietary intake was assessed using the CARDIA Diet History, an interviewer-
administered questionnaire regarding general dietary practices followed by a comprehensive 
quantitative food frequency (FFQ) questionnaire. The diet history queried foods consumed 
over the past 28 days, and for foods consumed included follow-up questions regarding the 
typical serving size, frequency of consumption, and common additions (McDonald et al. 
1991). Respondents were able to include foods regularly consumed but not listed on the FFQ 
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portion of the Diet History. The reliability and validity of the Diet History have been 
assessed (Liu et al. 1994).  
We use three beverage and two away-from-home food categories in our analyses: 
whole milk (fluid milk only, not powdered, evaporated or condensed or fluid milk used in 
recipes), orange drinks (25-100% juice, hereafter called orange juice), soft drinks (regular, 
sweetened), hamburgers (sandwich, fast food) and pizza (frozen/restaurant). The groups 
provided the closest match to our price variables.  
 
4. Anthropometrics and Insulin Resistance 
Measured height (nearest 0.5 cm) and weight (nearest 0.1 kg) were collected by 
trained technicians. Fasting insulin and glucose were obtained by venous blood draw. 
Glucose was measured using hexokinase coupled to glucose-6-phosphate dehydrogenase. 
HOMA-IR score was calculated as [fasting glucose (mmol per liter) X fasting insulin (µU 
per liter)]/22.5] (Matthews et al. 1985). 
 
5. Covariates 
 At each exam period, self-reported information on sociodemographic and selected 
health behaviors was collected using standardized questionnaires, including age, education 
(completed elementary school, 3 years high school, 4 years of high school, 3 years college, or 
4 or more years of college), income (low [<$25,000 ($25K)], middle [$25,000- <$50,000 
($25-<50K)]), and high [≥$50,000]), and family structure (married, single, married with 
children, and single with children). Race (black vs. white) and gender were verified at each 
follow-up exam. Physical activity, in exercise units (EU) per week, was assessed using the 
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CARDIA physical activity questionnaire (Jacobs et al. 1989). Information on the cost of 
living (COL) was obtained from C2ER and spatially and temporally linked to each 
respondent via their residential location. The COL index, which measures differences in the 
cost of consumer goods and services, excluding taxes and non-consumer expenditures, is 
based on six components – housing, utilities, grocery items, transportation, health care and 
miscellaneous goods and services. Data for the index were collected on more than 50,000 
prices covering 60 different items by chambers of commerce, economic development 
organizations or university applied economic centers in each participating urban area (C2ER 
2008). 
 
6. Statistical Analaysis 
All analyses were completed in Stata 10 (Stata Corp, College Station, TX). 
Descriptive statistics of beverage prices, kcal per person and per consumer, and percent 
consuming each food and beverage group were compared across the three exam periods, with 
statistical significance set at the p<0.05 level (two-tailed test). Pooled values were calculated 
to provide an estimate of the average price and consumption over time.  
 
Our overarching goal was to examine (1) the price elasticity of demand, or the ratio of 
a percent change in price to the percent change in consumption, for selected beverages and 
away-from-home foods and (2) the effect of income on consumption. For analysis of price 
elasticity, separate estimations were made for (1) the probability of consuming a given food 
or beverage and (2) the amount of food consumed, thus resulting in estimates conditioned on 
consuming (Haines, Guilkey et al. 1988). These two-part marginal effect models (MEM) are 
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useful for eliminating bias when examining outcomes where there are large proportions of 
zero values (i.e. non-consumers), as was the case in our sample, that do not represent missing 
data.  
 
We pooled data across three exam years and robust standard errors were used to 
correct for multiple observations on individuals and possible heteroscedasticity. The two-part 
model includes a probit model using maximum likelihood estimation in the first step to 
estimate the probability of consuming a given food or beverage. The second part was a 
conditional log-log ordinary least square regression model on only the subsample of those 
who consumed that food or beverage. Both models were clustered on the individual, to 
correct standard errors for multiple observations. These two values were then multiplied 
resulting in an estimate that is a weighted mean of the effect of changes in price on changes 
in consumption for the full sample. 
  
The two parts had the same specifications: control variables included age, gender, 
race, family income, highest level of education completed, family structure, logged prices of 
selected complementary and replacement foods (specified for each food/beverage model 
separately), a logged value for the COL index, an indicator variable for having imputed price 
data, and time indicator variables for exam years 0 and 7. We tested and did not find 
statistically significant interactions between logged price values and time, and logged price 
values with income (likelihood ratio test p> 0.10). The two parts were estimated separately 
before deriving unconditional elasticities and their bootstrapped standard errors (using 1000 
replications).  
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We examined own-price elasticity, defined as the percentage change in consumption 
(amount demanded) associated with a percentage change in price. This value should be 
negative, because quantity demanded, and consumed, should fall with rising prices. In 
addition, we examined cross-price elasticity, the percentage change in consumption (amount 
demanded) of the first good associated with a percentage change in the price of a second 
good. Foods with positive cross-price elasticities are considered replacement or substitute 
foods, while those with negative values are considered complements. We were unable to 
estimate income elasticity, as income was represented using indicator variables and could not 
be transformed sufficiently reliably into logged values.  
 
Finally, we estimated the association of percent change in total energy intake, body 
weight, and HOMA-IR on a percent change in price using pooled ordinary least square log-
log regression models, clustered on the individual. For each model, the logged continuous 
food and beverage prices were regressed on the three logged outcomes variables, controlling 
for sociodemographic (race, gender, age, income, education, and family structure) and 
lifestyle factors (including total physical activity and smoking status) as well as logged 
values for selected complementary and replacement foods, logged COL, and an indicator 
variable for time (Year 0, Year 7), and imputed price data (yes/no). The weight models also 
controlled for subjects’ height.  
 
Exclusions 
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In all models, participants’ observations were excluded if data were incomplete (n=64 
observations) or the participant was pregnant (n=69 observations). This resulted in a final 
sample size for all MEM estimates of n=12,123 observations. Sample sizes varied for the 
linear regression step of the modeling process, depending upon the proportion of the sample 
that consumed the food (n=7,990 (soda); n=3,861 (whole milk); n=11,085 (orange juice); 
n=6,669 (hamburgers); and n=10,123 (pizza) observations). In the HOMA-IR model, 
participants were further excluded if they were taking anti-diabetic medication (n=182 
observations), resulting in a final sample sizes for the longitudinal repeated measures 
regression models of n=12,007 (kcal), n=11,972 (weight), and n=10,218 (HOMA-IR score) 
observations.  
 
C. Results 
 The inflation-adjusted real price of soda (price paid for a 2 L bottle) and pizza (price 
paid for a 13-inch, regular crust cheese pizza) steadily declined between 1985 and 2006, with 
the largest percent decrease observed for soda, falling from $2.71 to $1.42 (a 48% decrease, 
Table 1). The price of orange juice increased over the 20-year period, while away-from-home 
hamburger and whole milk prices were relatively stable. It is important to note, however, that 
these prices ignore the total cost as they do not incorporate the time cost involved in 
preparing food (Mincer 1963). Calories per person and per consumer from soda, adjusted for 
age and gender, increased steadily over the 20-year period, despite slight declines in the 
proportion of the population consuming soda (Table 1). On the other hand, there was a 
considerable decline in the proportion of the population consuming whole milk (-20.5% 
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between year 0 and 20) energy per person (-68 kcals between year 0 and 20) and energy per 
consumer (-70 kcals between year 0 and 20).  
 Own price elasticities, price effects of specific food on consumption of that food, 
were in the expected direction (for soda, orange juice and away-from-home pizza), although 
these estimates were not always stronger than cross-price elasticities in a given model (Table 
2). For example, an 18% increase in the price of soda resulted in a 12.81% (SE: 3.30, 
p<0.001) decrease in consumption of daily energy from soda, a 7.39% (SE: 5.43, p=0.173) 
increase in daily energy of whole milk and a 17.91% (SE: 7.11, p=0.012) increase in 
consumption of daily energy from pizza. Save pizza, own price elasticities were < 1 (in 
absolute terms) suggesting that US adults were relatively price inelastic (results not shown, 
but they can be calculated: divide the results in Table 2 by 18). 
 
 Cross-price elasticities, price effects of a specific food on consumption of other foods, 
can be useful in inferring complementary and replacement foods and beverages. For the most 
part, cross-price elasticities were smaller than own price elasticity estimates. For example, an 
18% increase in the price of pizza was associated with a 5.59% (SE: 2.57, p=0.012) increase 
in the consumption of daily energy from soda (Table 2) compared to a 20.70% (SE: 5.51, 
p<0.001) decrease in daily energy from pizza. 
 
 Annual household income was differentially associated with energy intake from 
selected foods and beverages (Table 2) For example, low and middle income persons 
consumed roughly 8.43% (SE: 1.01, p<0.001) and 5.23% (SE: 0.90, p<0.001) more more 
kcals from whole milk, respectively, compared to high income persons. Similar patterns were 
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observed for soda while the opposite was true for away-from-home pizza: lower income 
consumers obtained fewer kcals per day from pizza compared to higher income persons 
(Table 2). 
 Using the mean total daily energy (kcals), body weight, and HOMA-IR values, we 
applied the energy, weight and HOMA-IR estimated elasticities to determine the association 
of these independent variables with increasing food and beverage prices. An 18% increase in 
the price of a 2 L bottle of soda was associated with an average 56.5 (SE: 12.2, p< 0.001) 
fewer total kcals (Figure 1), 0.8 (SE: 0.3, p=0.015) pound lower weight (Figure 2), and a 0.11 
(SE: 0.02, p<0.001) lower HOMA-IR score (Figure 3), holding all other factors constant. 
Pizza was the only other food that had consistent (the three dependent variables were in the 
same direction) associations with total energy (-26.4 (SE: 35.5, p=0.457) kcals), body weight 
(-3.25 (SE: 1.02, p=0.015) lbs), and HOMA-IR score (-0.14 (SE: 0.06, p=0.015)). 
 
 Due to their strong cross-price elasticities, we also estimated the additive association 
of changing the price of soda, pizza or soda and pizza on total energy intake, body weight 
and HOMA-IR. A 10% increase in the price of both soda and pizza was associated with an 
additively greater percent change in total energy intake, body weight, and HOMA-IR scores 
compared to increasing the price of just one of these foods. For example, increasing the price 
of soda or pizza alone resulted in a 1.17% (SE: 0.24, p<0.001) and 0.52% (SE: 0.70, 
p=0.457) decrease in total energy while a 10% increase in the price of both soda and pizza 
resulted in a 2.27% (SE: 0.63, p<0.001) decrease in total energy. Similar patterns were 
observed for body weight and HOMA-IR scores (Figure 4).  
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D. Discussion 
Price manipulations on unhealthy foods and beverages have been proposed as a 
potential mechanism for improving the diet and health outcomes of Americans (Cash et al. 
2005; Chouinard et al. 2007; Popkin 2008). The state of New York has proposed an 18% tax 
on sugary sodas and soft drinks in an effort to reduce obesity and raise as much as $400 
million per year for health programs (Chan 2008), and the city of San Francisco is 
considering similar legislation (McKinley 2007). While some argue that there is little 
evidence such a tax would improve health or positively impact obesity rates (Finkelstein et 
al. 2004), at least one cross-sectional study reported that a tax on caloric soft drinks drinks 
was inversely associated with weight, especially when the prices of complementary foods are 
also altered (Schroeter et al. 2008).  
 
Our results, which are based on observed associations between food prices, 
consumption behavior, and health outcomes over a 20-year period, provide stronger evidence 
to support this conclusion: an increase in the prices of soda and pizza was associated with a 
decrease in consumption, declines in overall energy intake, reduced weight gain, and lower 
HOMA-IR scores. Using the elasticity estimates obtained in this study and mean daily 
energy, weight and HOMA-IR values in our sample, we estimate that the 18% tax proposed 
by the state of New York would result in a 56 kcal decline in daily total energy intake ((18 
[proposed tax]*(-0.1116978 [estimated elasticity])*2811.9 kcal [mean daily kcals in our 
sample]), 0.8 pound lower annual weight gain ((18* (-0.0262884))*170.8 lbs), and 0.11 ((18* 
(-0.1891469)) *3.23 HOMA-IR) lower HOMA insulin scores among young to middle aged 
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adults.  At the population level, declines of 56 kcal per day would be associated with a 
reduction of roughly 5 pounds per person per year, and significant reductions in the risks of 
most obesity-related chronic diseases (Wing et al. 1987; Wood et al. 1988; Goldstein 1992). 
It is important to note that price elasticities are usually higher for children and teenagers and 
the elderly, so the overall impact of the New York State tax on all its citizens might be 
greater than noted here (Grossman and Chaloupka 1997; Chaloupka et al. 2002; Liang et al. 
2003; Warner 2005).  
 
Furthermore, we found that real (inflation-adjusted) prices of soda and away-from-
home foods, commonly associated with increased caloric consumption and adverse health 
outcomes (Schulze et al. 2004; Dhingra et al. 2007; Duffey et al. 2007; Vartanian et al. 2007; 
Rosenheck 2008), have decreased over time. Implementing policies aimed at slowing, or 
reversing, the decline in price for these foods could have a potentially beneficial effect on the 
health of the US adult population. 
 
Our results are in the same direction as those reported elsewhere. In France and Italy 
demand elasticity was negative and relatively small for fluid milk, but more price sensitive to 
changes in income (Bouamra-Mechemache et al. 2008). Similar in direction but of greater 
magnitude, Barquera et al report that 10% price increases were associated with a decline of 
roughly 7 and 23 kcals per day from whole milk and soda respectively in a sample of 
Mexican adolescents and adults (Barquera et al. 2008). The considerable difference in 
magnitude of effects between the US and Mexican sample may indicate that US adults are 
less price sensitive, however a direct comparison is not possible due to differences in dietary 
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methodology (direct weighing and recipe collection versus food-frequency questionnaire) 
and study-design (cross-sectional versus longitudinal).  
 
The observed own-price and cross-price elasticities we report in the current study 
provide further support for the observed effects on body weight and total energy. Own-price 
elasticities were strongest for soda and away-from-home pizza, with price inversely 
associated with consumption and although cross-price elasticities were sometimes in the 
opposite direction they had a smaller magnitude of effect. For example, a 10% increase in the 
price of soda was associated with a -7.1% decrease in calories kcals from soda, but only a 
3.1% increase in calories kcals from pizza. Since a full range of potential complementary and 
replacement foods are not available, we are careful not to draw conclusions about the nature 
of the relationship between such disparate foods.  
 
While there are many strengths as a result of using the CARDIA data, our analysis is 
limited by its focus on a small number of food and beverage groups. Additional and 
important substitution and complementary foods and beverages may exist and should be 
examined in future studies. The relationship between price and consumption of “healthy” 
food items (i.e. raw fruits and vegetables) should also be examined; our price data did not 
allow for evaluation of these relationships. Furthermore, we are not able to capture the full 
range of substitutability for the foods and beverages examined (i.e. using low-fat or skim 
milk if the price of whole milk increases, or choosing another fast food sandwich if 
hamburger prices rise), and thus we might have failed to take into account important 
explanations for our outcomes. Ideally, a full set of prices and food groups would have been 
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utilized, and the association between price and overall health examined using the demand 
approach frequently employed by economists, the Almost Ideal Demand System (Wu et al. 
1995; Huang and Bouis 1996; Huang 1997). 
 
Although we show significant differences by income, income did not modify the 
relationship between price and consumption in this sample. Deeper exploration of the 
interactions between food price and income may be crucial in other samples. Finally, this 
study has limited generalizability to non-US and younger populations. However, adolescents 
have been observed to be much more responsive to price changes in cigarettes than adults 
(Grossman and Chaloupka 1997; Chaloupka et al. 2002; Liang et al. 2003). We expect the 
relationship for price changes in foods and beverages to be similar.  
 
 Despite these limitations, ours is the first dietary behavior study in the US to examine 
both the direct effects of a price change on intake of a particular food (own-price elasticity) 
and the indirect effects on substitutes and complementary foods (cross-price elasticities).  
Furthermore by doing this over a long-term time period, we control for individual 
heterogeneity and are able to draw conclusions about how an individual’s dietary behaviors 
would respond to changes in food price over a 20-year period. Finally, our findings highlight 
the substantial disparities between the fields of smoking and dietary behavior research. While 
there are extensive data sets on tobacco price and smoking behavior, there is a palpable 
scarcity of comparable data sets related to food price and consumption in the United States.  
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 In conclusion, our findings suggest that national, state, or local policies which would 
alter the price of less healthy foods and beverages may be one possible mechanism for 
steering US adults toward a more healthful diet. While such policies will not solve the 
obesity epidemic in its entirety, they could prove an important strategy to address 
overconsumption, help reduce caloric intake, and potentially aid in weight loss and reduced 
rates of diabetes among US adults.    
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Table 1. Average price and energy consumption* from food and beverage groups at each exam year. 
 Year 0 Year 7 Year 20 n Pooled 
Price ($)       
Soda 2.71 (0.31) 1.67 (0.17) 1.42 (0.24)  12,123 2.05 (0.63) 
Whole Milk 2.00 (0.18) 2.04 (0.12) 2.24 (0.25)  12,123 2.08 (0.21) 
Orange Juice 1.29 (0.42) 2.01 (0.33) 3.19 (0.76)  12,123 2.01 (0.92) 
Hamburger 2.50 (0.18) 2.65 (0.26) 2.67 (0.22)  12,123 2.60 (0.23) 
Pizza 13.48 (0.79) 12.01 (1.23) 10.80 (0.90)  12,123 12.32 (1.47) 
Daily kilocalories Per Person †       
Soda 100 (2) 122 (7) 137 (20)  12,123 105 (2) 
Whole Milk 100 (3) 54(4) 32 (8)  12,123 90 (2) 
Orange Juice 115 (2) 114(9) 69 (11)  12,123 116 (2) 
Hamburger 59 (2) 71(4) 133 (12)  12,123 62 (1) 
Pizza 95 (2) 113(5) 74 (7)  12,123 100 (1) 
Percent Consuming       
Soda 76.9 (3.4) 75.0 (8.0) 69.1 (20.7)  12,123 76.5 (0.3) 
Whole Milk 46.5 (2.8) 33.0 (7.9) 26.0 (27.7)  12,123 43.4 (0.2) 
Orange Juice 95.4 (6.8) 93.4 (14.4) 79.7 (26.6)  12,123 95.2 (0.5) 
Hamburger 52.2 (2.8) 64.5 (7.4) 86.8 (21.4)  12,123 55.5 (0.2) 
Pizza 84.5 (3.9) 88.0 (10.4) 83.1 (6.4)  12,123 85.4 (0.3) 
Daily kilocalories Per Consumer‡       
Soda 131(3) 163(9) 219(38)  7,992 137 (23) 
Whole Milk 204(6) 164(13) 134(45)  3,862 203 (5) 
Orange Juice 120(2) 121(10) 85(12)  11,087 121 (2) 
Hamburger 110(3) 110(6) 106(10)  6,670 109 (2) 
Pizza 112(2) 129(5) 81(8)  10,125 117 (2) 
*Values are mean (SD). Energy intake is rounded to nearest whole kilocalorie and are age and gender adjusted. Price data are real 
prices, in 2006 dollars, for a 2L bottle of soda (Soda), a one-half gallon of whole milk (Whole milk), a 6oz can frozen orange juice 
(Orange Juice), a ¼ lb hamburger purchased at a fast food restaurant (Hamburger), and a 13-inch cheese pizza, regular crust, 
purchased away-from-home (Pizza). 
†
 “Per person” estimates include non-consumers; estimates apply to the entire sample, regardless of whether an individual 
consumed the food or beverage.  
‡
 “Per consumer” estimates are restricted to consumers and estimates only apply to those who consumed the food or beverage.  
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 Table 2. Relationship between 20-year price and consumption of foods and beverages* among adults, n= 12,123 observations.  
 % change in energy from:  Income‡ 
  Soda Whole Milk Orange Juice Burger Pizza  Low Middle 
18% increase in the price of:  
Soda§  -12.81 (3.30)† 7.39 (5.43) -0.41 (1.79) -7.57 (4.70) 17.91 (7.11)†  4.04 (1.11)† 3.67 (0.97)† 
Whole Milk||  -0.68 (3.32) 4.28 (5.83) -3.67 (1.85)† 5.36 (4.24) 12.37 (6.70)  8.43 (1.01)† 5.23 (0.90)† 
Orange Juice#  -3.53 (2.65) -9.18 (5.00) 2.39 (1.63) 1.81 (3.75) -0.33 (6.06)  -0.55 (0.83) -0.15 (0.74) 
Hamburger**  5.31 (3.14) -0.70 (5.17) -1.72 (1.75) 3.65 (4.49) -10.93 (6.70)  -1.31 (1.07) 1.51 (0.93) 
Pizza††  5.59 (2.57)† -3.08 (4.42) -3.03 (1.52)† 2.64 (3.55) -20.70 (5.51)†  -4.48 (0.93)† -1.45 (0.78) 
 
* Values are elasticity (SE) derived from log-log models of daily calories from food or beverage on price of food or beverage. All 
models control for logged values for the price of soda, whole milk, orange juice, hamburgers and pizza as well as CARDIA study 
center, age (continuous), race, gender, education (completed elementary school, some high school, completed high school, some 
college, and completed college [referent]), family structure (single, married [referent], single with children, and married with 
children) annual household income (low (<$25,000), middle ($25,000- <$50,000), high (>$50,000) [referent]), logged cost of 
living index, imputed price (indicator, yes/no), and time (year 0, year 7, and year 20 [referent]). SE estimates calculated using 
1000 bootstrapped replications. n= 12,123 observations.  
† Significantly different from zero, p<0.05. 
‡ Relative to high income >$50K 
§ Soda model also controls for the logged price of wine, beer, and fried chicken (elasticities not shown). 
||
 Whole milk model also controls for the logged price of coffee (elasticities not shown).   
#|
 Orange juice model also controls for the logged price of bananas and bread (elasticities not shown).  
** Hamburger model also controls for the logged price of fried chicken, parmesan cheese and steak (elasticities not shown).  
††
 Pizza model also controls for the logged price of fried chicken (elasticities not shown). 
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Figure 1. Effects of an 18% increase in the price of selected foods and beverages* on 20-year 
percent change in total energy. 
 
 
 
* Each food/beverage and outcome variable were modeled independently (n=15 models) as 
longitudinal linear regression models of logged outcome (total calories (kcal, n (Obs.)= 
12,007), weight (lbs, n (Obs.)= 11,972), and HOMA-IR (n (Obs.)= 10,218)) on the logged 
price of soda, whole milk, orange juice, burgers, and pizza. All models controlled for age 
(continuous), race, gender, income (low (<$25,000), middle ($25,000-<$50,000), high ( 
≥$50,000) [referent], missing income), education (< high school (HS), completed HS 
[referent], 3 years college, ≥ 4 years college), family structure (single, married [referent], 
single with children, married with children), logged cost of living, imputed price (indicator 
variable, yes/no), and CARDIA study center. Models with weight as the dependent variable 
also controlled for participants’ height. Models adjust for clustering at the individual level. 
For all outcomes, individual food and beverage models further control for the price of the 
following compliment and replacement foods: Soda models: wine; Whole milk models: 
coffee, corn flakes, bread, and bananas; Orange Juice models: bread and bananas; 
Hamburger (burger) models: fried chicken, steak, and parmesan cheese; Pizza models: 
fried chicken.  
†
 Estimate is significant at α<0.05 level. 
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Figure 2. Effects of an 18% increase in the price of selected foods and beverages* on 20-year 
percent change in body weight. 
 
 
* Each food/beverage and outcome variable were modeled independently (n=15 models) as 
longitudinal linear regression models of logged outcome (total calories (kcal, n (Obs.)= 
12,007), weight (lbs, n (Obs.)= 11,972), and HOMA-IR (n (Obs.)= 10,218)) on the logged 
price of soda, whole milk, orange juice, burgers, and pizza. All models controlled for age 
(continuous), race, gender, income (low (<$25,000), middle ($25,000-<$50,000), high ( 
≥$50,000) [referent], missing income), education (< high school (HS), completed HS 
[referent], 3 years college, ≥ 4 years college), family structure (single, married [referent], 
single with children, married with children), logged cost of living, imputed price (indicator 
variable, yes/no), and CARDIA study center. Models with weight as the dependent variable 
also controlled for participants’ height. Models adjust for clustering at the individual level. 
For all outcomes, individual food and beverage models further control for the price of the 
following compliment and replacement foods: Soda models: wine; Whole milk models: 
coffee, corn flakes, bread, and bananas; Orange Juice models: bread and bananas; 
Hamburger (burger) models: fried chicken, steak, and parmesan cheese; Pizza models: 
fried chicken.  
†
 Estimate is significant at α<0.05 level. 
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Figure 3. Effects of an 18% increase in the price of selected foods and beverages* on 20-year 
percent change in HOMA-IR. 
 
 
* Each food/beverage and outcome variable were modeled independently (n=15 models) as 
longitudinal linear regression models of logged outcome (total calories (kcal, n (Obs.)= 
12,007), weight (lbs, n (Obs.)= 11,972), and HOMA-IR (n (Obs.)= 10,218)) on the logged 
price of soda, whole milk, orange juice, burgers, and pizza. All models controlled for age 
(continuous), race, gender, income (low (<$25,000), middle ($25,000-<$50,000), high ( 
≥$50,000) [referent], missing income), education (< high school (HS), completed HS 
[referent], 3 years college, ≥ 4 years college), family structure (single, married [referent], 
single with children, married with children), logged cost of living, imputed price (indicator 
variable, yes/no), and CARDIA study center. Models with weight as the dependent variable 
also controlled for participants’ height. Models adjust for clustering at the individual level. 
For all outcomes, individual food and beverage models further control for the price of the 
following compliment and replacement foods: Soda models: wine; Whole milk models: 
coffee, corn flakes, bread, and bananas; Orange Juice models: bread and bananas; 
Hamburger (burger) models: fried chicken, steak, and parmesan cheese; Pizza models: 
fried chicken.  
†
 Estimate is significant at α<0.05 level. 
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Figure 4. Effects of a 10% increase in the price of soda, pizza or soda and pizza on percent 
change in total energy, body weight, and HOMA-IR score. 
 
 
* Estimates derived from longitudinal linear regression model of logged outcome (total 
energy (kcal, n (Obs.)= 12,007), body weight (lbs, n (Obs.)= 11,972), and HOMA-IR (n 
(Obs.)= 10,218)) on the logged prices of soda, whole milk, orange juice, burgers, pizza. All 
models controlled for age (continuous), race, gender, income (low (<$25,000), middle 
($25,000-<$50,000), high ( ≥$50,000) [referent], missing income), education (< high school 
(HS), completed HS [referent], 3 years college, ≥ 4 years college), family structure (single, 
married [referent], single with children, married with children), logged price of the 
replacement beverage wine, the logged cost of living, having imputed prices (indicator 
variable, yes/no), and CARDIA study center and accounted for clustering at the individual 
level. Models with weight as the dependent variable also controlled for participants’ height.   
†
 Significantly different from zero, p<0.05. 
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V. Differential metabolic associations between restaurant and fast food consumption: 
The CARDIA Study 
 
A. Introduction 
 Away-from-home food (available in fast food places and restaurants) contributes 
significantly to daily caloric intake (Paeratakul et al. 2003) and accounts for roughly one-
third of energy intake among certain subpopulations, particularly young adult males (Nielsen 
et al. 2002; Bowman et al. 2004). Fast food consumption has been associated with adverse 
health outcomes including increased risk of excess weight, body fatness, poor dietary quality, 
and insulin resistance/diabetes (McCrory et al. 1999; Paeratakul et al. 2003; Bowman et al. 
2004; Bowman and Vinyard 2004; Pereira et al. 2005; Lindstrom et al. 2006; Duffey et al. 
2007), all of which are hypothesized to result from the larger portion sizes (Young and Nestle 
2002; Diliberti et al. 2004), higher energy density (Prentice and Jebb 2003; Schroder et al. 
2007), or higher fat content of fast food (Stender et al. 2007).  
 
 Mechanisms for the direct contribution of fast food intake to the development of 
diabetes and other obesity-related co-morbidities, including dyslipidemia, have also been 
proposed and include higher levels of trans and saturated fatty-acids, low 
unsaturated:saturated fat ratio, greater portion sizes (Nielsen and Popkin 2003), and lower 
fiber content of fast food compared to foods obtained from other sources (Parillo and 
Riccardi 2004).  
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 Cross-sectional (French et al. 2000; Satia et al. 2004) studies have demonstrated an 
association between away-from-home food consumption with weight and glucose outcomes, 
but these studies have limited ability to address causality due to concurrent assessment of 
exposure and outcome. Prospective observational studies (Pereira et al. 2005; Duffey et al. 
2007) have also demonstrated an association between away-from-home food consumption 
with weight and glucose, but only one differentiated between restaurant and fast food intake 
(Duffey et al. 2007).  
 
 In cross-sectional and longitudinal observational studies it is possible that frequent 
away-from-home food consumption serves as a marker for unmeasured adverse health 
behaviors (i.e. sedentary lifestyles or sweet preferences) which underlie increased disease 
risk. Longitudinal modeling strategies, which control for unobserved and/or unmeasured 
individual level factors, are needed to address this point. Finally, while there exists extensive 
research on the association of fast foods with weight and insulin resistance, the relationship 
between away-from-home food consumption and a broad set of metabolic outcomes has not 
been examined, and there is a scarcity of studies examining the differential affects of fast 
food versus restaurant food intake. At least one study that has attempted to differentiate 
between these sources are limited by a short time duration (Duffey et al. 2007).  
 
 To address these limitations, the purpose of the present study was to examine the 
association between 1) average baseline away-from-home food (restaurant and fast food) 
consumption on 13-year health outcomes and 2) away-from-home food consumption with 
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13-year changes in health outcomes. Based on previous research in this population (Pereira et 
al. 2005; Duffey et al. 2007), we hypothesized that fast food and restaurant consumption 
would be differentially associated with weight, Homeostatic Model Assessment (HOMA) 
insulin resistance score, total cholesterol, triglycerides, low-density lipoprotein cholesterol 
(LDL-C), and high-density lipoprotein cholesterol (HDL-C) levels. 
 
B. Methods 
1. Study Population 
 Data were taken from The Coronary Artery Risk Development in Young Adults 
(CARDIA) study, a prospective study of the determinants and evolution of cardiovascular 
risk. Recruitment procedures were designed to create balanced representation of age, gender, 
ethnicity, and education groups within each of the four study sites. Five thousand one-
hundred fifteen young adults (aged 18-30) completed the baseline survey (1985-86). Follow-
up examinations were conducted at 2, 5, 7, 10, 15, and 20 years post baseline with retention 
rates of 91%, 86%, 81%, 79%, 74%, and 72% respectively. Data from exam years 7, 10, and 
20 were used for this study. Detailed descriptions of the sampling plan and cohort 
characteristics are described elsewhere (Hughes et al. 1987; Friedman et al. 1988). The 
analytical sample included surviving cohort members who had complete outcome and 
covariate data at each time point. Exclusion criteria included pregnancy (n=92, all models), 
taking cholesterol-lowering medication (n=326, cholesterol models), or being diabetic, 
including taking anti-diabetic medication (n=303, HOMA-IR model). Sample sizes differed 
for each modeling framework and outcome variable (described below). 
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2 Away-From-Home Eating 
 Our main exposure, frequency of restaurant and fast food consumption, was 
ascertained at each exam year. Participants were asked “How many times in a week or month 
do you eat breakfast, lunch or dinner in a place such as McDonald’s, Burger King, Wendy’s, 
Arby’s, Pizza Hut, or Kentucky Fried Chicken?” and subsequently “How many times in a 
week or month do you eat breakfast, lunch, or dinner at a restaurant or cafeteria?” Questions 
were open ended, but calculated to reflect a per-week consumption frequency.  
 
2. Anthropometrics, Insulin Resistance & Blood Lipids  
 Measured height (nearest 0.5 centimeter (cm)) and weight (nearest 0.1 kilograms 
(kg)) were collected by trained technicians. Waist circumference (measured in centimeters 
(cm)) was measured midway between the iliac crest and the lowest lateral portion of the rib 
cage using the average of two measurements.  
 
 Fasting insulin, glucose and blood lipids were obtained by venous blood draw 
Glucose was measured using hexokinase coupled to glucose-6-phosphate dehydrogenase. 
The homeostasis model of insulin resistance (HOMA) was calculated as [glucose (mmol per 
liter) X insulin (µU per liter)]/22.5](Matthews et al. 1985). 
 
 Plasma total cholesterol and triglycerides were measured using enzymatic 
assay(Pesce and Bodourian 1976) at each follow-up visit. HDL-C was assayed after dextran 
sulfate-magnesium precipitation(Warnick et al. 1982), and LDL-C was estimated from the 
Friedewald equation (Friedewald 1972). LDL-C levels were not calculated for persons who 
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had measured triglyceride values >400 mg per deciliter (n=68). To convert cholesterol values 
to millimoles per liter (mmol/L) multiply by 0.0259 for total cholesterol, LDL and HDL-C, 
and 0.113 for triglycerides.  
 
4. Covariates  
 Using standardized questionnaires, self-reported information on sociodemographic 
characteristics and selected health behaviors were collected including age, education (highest 
level achieved), smoking status, family structure (married, single, married with children, 
single with children), and sedentary behavior (hours of TV watched per day). Race (black vs. 
white) and gender were verified at each follow-up exam. Physical activity (PA), presented as 
Exercise Units (EU) per week, was assessed using the CARDIA physical activity 
questionnaire (Jacobs et al. 1989). For reference, 300 EU roughly approximates the American 
College of Sports Medicine recommendations for the amount of exercise needed to support 
weight loss (5 sessions of 300 kilocalories [1260 kilojoules] of weekly energy expenditure) 
(American College of Sports Medicine 1993). Due to non-linearity with the outcome, PA 
was dichotomized as high (≥ 474 EU per week) versus low (< 474 EU per week). 
 
5. Statistical Analysis 
 All statistical analyses were conducted in Stata (version 10.0, College Station, TX). 
Using ordinary least-squares regression models we first examined the association between 
fast food and restaurant consumption (average of year 7 and 10 times per week, divided into 
quartiles: lowest quartile [referent]) with year 20 outcomes (weight, HOMA-IR, waist 
circumference, total cholesterol, triglycerides, LDL-C, and HDL-C) controlling for 
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sociodemographic (age, race, education, family structure, and CARDIA exam center) and 
behavioral (smoking status, physical activity, hours of television viewing, total calories, and 
change in fast food and restaurant consumption between year 10 and 20) covariates. Year 20 
outcome values were obtained from each estimated beta coefficient using the ADJUST 
command in Stata. 
 
 For each outcome, we used persons with complete data. Of those with complete 
exposure and outcome data (n=2,439 (weight); n=2,238 (HOMA-IR); n=2,437 (waist 
circumference); n=2,193 (total cholesterol, triglycerides, and HDL-C); n=2,170 (LDL-C)) we 
excluded those missing covariate data (n= 1341 (weight); n=122 (HOMA-IR); n=133 (waist 
circumference); n=117 (total cholesterol, triglycerides, and HDL-C); n=125 (LDL-C)) or 
information on change in restaurant and/or change in fast food exposure between years 10 
and 20 (n=672 (weight); n=606 (HOMA); n= 667 (waist circumference); n=603 (total 
cholesterol, triglycerides, and HDL-C); n=596 (LDL-C)) resulting in final sample sizes of 
n=1,633 (weight), n=1,510 (HOMA-IR), n=1,637 (waist circumference), n=1,473 (total 
cholesterol, triglycerides, and HDL-C), and n=1,458 (LDL-C). 
 
 While estimates obtained from standard regression models, like those described 
above, are useful in providing an estimate of the average effect of away-from-home food 
consumption on subsequent health outcomes, these estimates can be influenced by 
unobserved (i.e. an individual’s motivation to be healthy) or unmeasured (i.e. knowledge of 
the risk of being overweight) variables- particularly those that change over time. To address 
this we use longitudinal, repeated measures conditional regression models (also known as 
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fixed-effect longitudinal models). Conditioned on the subject, these models estimate 
parameters for characteristics that are time-variant within the individual (e.g. weekly fast 
food consumption), while time invariant parameters (e.g. gender) are not estimated. Repeated 
measures conditional regression models are advantageous because they (1) adjust for 
potential confounding by all measured and unmeasured time invariant characteristics (e.g. 
genetic factors) that are not modifiers of the relationship of interest; (2) they partition error 
terms into within and between individual errors, and adjust for correlations between repeated 
measures taken on the same subject and (3) they are capable of handling unequally spaced 
longitudinal data.  
 
 For each model, time-varying fast food and restaurant consumption [continuous] were 
regressed on time-varying outcome variables [continuous], controlling for time-varying 
demographic (including age, education, and family structure) and lifestyle factors (including 
physical activity, sedentary behavior, and smoking status). Exclusion of persons with 
predicted residual values ≥ 4 standard deviation units (resulting in the exclusion of <1% of 
observations for all models) did not effect results so all observations were used. Using all 
available data across 13 years and 3 exam periods provided the following sample sizes 
[observations (subjects)]: Weight: 8,489 (3,987); HOMA-IR: 7,921 (3,873); waist: 8,472 
(3,982); total cholesterol, triglycerides & HDL-C: 8,152 (3,926); LDL-C: 7,466 (3,450). 
 
C. Results 
 As the population aged there was an expected increase in level of education, mean 
BMI and percent overweight and obese (Table 3). The difference in weekly consumption 
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between the lowest and highest quartile of fast food and restaurant consumption decreased 
over time, from 4·3 times per week at year 7 to just 2.0 times per week at year 20. Declines 
were similar for restaurant consumption, although the persons in the highest quartile of 
restaurant consumption consumed more restaurant meals per week than those in the highest 
quartile of fast food consumption (mean (SE): 3.4 (0.1) vs. 2.6 (0.1) times per week). PA and 
sedentary behavior changed very little (Table 3). 
 
 Compared to the lowest quartile of fast food consumption, persons in the higher 
quartiles has significantly higher year 20 weight and waist circumferences, HOMA-IR 
scores, triglyceride levels and significantly lower HDL-C levels (Table 4). For example, 
compared to the lowest quartile of fast food intake, persons in the highest quartile were an 
average 5.7 kg (95% Confidence Interval [95%CI]: 2.1, 9.2, p=0.002) heavier, had an 
average 5.3 cm (95% CI: 2.8, 7.9, p<0.001) larger waist, 22.7 mg/dL (95% CI:9.1, 36.3, 
p=0.001) higher triglyceride levels, and an average 5.5 mg/dL (95% CI:-8.3, -2.6, p<0.001) 
lower HDL-C level. Conversely, while the associations between greater weekly restaurant 
consumption tended to be in the opposite direction as that observed for increasing fast food 
intake, none of the estimates reached statistical significance (p>0.05).  
 
 Unlike the observed effects associated with baseline consumption and year 20 
outcomes (Table 4), the addition of one additional weekly fast food or restaurant 
consumption eating occasion was positively associated with 13-year changes in weight and 
waist circumference (Table 5). In the fully adjusted models (Model 2) an increase of 3 times 
per week consuming fast food (restaurant) was associated with 0.45 kg (0.27 kg) weight gain. 
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Changes in waist circumference were small, but roughly equivalent between restaurant and 
fast food. Changes in fast food and restaurant consumption were unrelated to changes in 
HOMA-IR and cholesterol levels. 
 
D. Discussion 
 Using prospective data spanning 13 years, we found that higher average baseline fast 
food, but not baseline restaurant, consumption was positively associated with year 20 health 
outcomes including weight and waist circumference, HOMA-IR score, and triglycerides and 
negatively associated with year 20 HDL-C levels. These associations are clinically relevant. 
For example, someone measuring 187 cm (1.87 meters) weighing 84.4 kg at year 20 would 
go from a year 20 BMI of 24.2 (year 20 BMI= [84.4/(1.87 m2)]= 24.1) to a predicted year 20 
BMI of 25.8 (predicted year 20 BMI = [(84.4+5.7 kg)/(1.87 m)2] = 25.8) if they were in the 
highest compared to the lowest quartile of fast food intake.  
  
 Similarly, the average increase in triglycerides of 22.7 mg per deciliter in the highest 
(4th) compared to 9.4 mg per deciliter for persons in the second lowest (2nd) quartiles 
respectively results in a 4% increase in the proportion of the sample classified as having high 
year 20 triglyceride levels (≥150mg per deciliter) according to the National Cholesterol 
Education Program ATP III Guidelines (NHLBI 2002) (predicted triglycerides ≥150mg per 
deciliter:  Quartile 4, 175 of 981 persons [17.8%]; Quartile 2, 111 of 829 persons [13.4%]). 
For persons with additional coronary heart disease risk factors this could be the difference 
between needing and not needing medication.   
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 One additional weekly away-from-home eating event was also associated with greater 
13-year anthropometric changes, although the absolute amount differed between restaurant 
and fast food. In longitudinal repeated measures conditional regression models, restaurant 
and fast food consumption were unrelated to changes in HOMA-IR score and cholesterol 
levels over the 13-year period.  
 
 For weight and insulin resistance outcomes, previous studies in this cohort report 
comparable findings. Pereira et al. found that persons who were frequent consumers of fast 
food at baseline and during 15 years of follow-up had greater weight gain than did infrequent 
consumers (persons who consumed fast food three or more versus one time per week gained 
an additional 2 kg) (Pereira et al. 2005), however effects of restaurant food consumption 
were not considered. To address this gap, our group compared three-year changes in fast food 
and restaurant consumption, and found that increased fast food only, or both restaurant and 
fast food consumption, were associated with three-year increases in BMI (0.20 kg/m2 and 
0.28 kg/m2 respectively, p<0.05) while restaurant consumption alone was unrelated to BMI 
change (Duffey et al. 2007). The current finding that greater restaurant consumption is 
positively associated with 13-year changes in weight and waist circumference likely results 
from the use of more complex modeling strategies in which we model change in weight, not 
BMI, over a longer time span. 
 
 Despite control for many individual-level factors, significant relationships with away-
from-home food consumption were observed. These findings may result from unmeasured 
area-level factors (e.g. neighborhood socioeconomic status, price of fast food) which could 
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influence whether restaurants versus fast food outlets were commonly patronized (Morland et 
al. 2002; Reidpath et al. 2002; Block et al. 2004), and we cannot discount the fact that such 
factors may be partially responsible for the differences in the associations between 
consumption frequency and change in weight (Liu et al. 2002; Gordon-Larsen et al. 2006). 
Individuals might also eat differently when visiting a fast food versus a sit-down style 
restaurant. Continued examination of area-level influences on individuals’ dietary choices at 
away-from-home food places are needed to address these points.  
 
 Further limitations of this study include self-reported away-from-home eating and 
other lifestyle factors (which may bias our results toward (Heitmann and Lissner 2005) or 
away from the null (Heitmann and Frederiksen 2007)), potential residual confounding by 
unobserved, time-variant factors external to the individual, and an inability to differentiate 
between persons who consumed 1) healthier versus less healthy meals at various fast food 
locations or 2) persons who regularly consume from fast food restaurants where healthier 
food options are available from those places where such offerings are not present. Finally, 
many fast food restaurants have made considerable changes to their preparation methods (i.e. 
eliminating trans-fats) which are not captured by our data. 
 
 However, this study used comprehensive longitudinal, prospective data with high 
rates of retention across study years; outcomes were measured directly using standardized 
methods, which helps ensure more accurate assessment of anthropometric and biochemical 
measures; and, we are able to rule out structural confounding as a cause of our results 
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because there is considerable overlap in persons who are consumers of both fast food and 
restaurant food at each exam year (7 (82%), 10 (74%) and 20 (74%)). 
 
 To our knowledge, this is the first study to show that away-from-home food 
consumption is adversely associated with metabolic health outcomes, namely total 
cholesterol, triglyceride, and HDL-C levels, and to report important differences between 
restaurant and fast food intake. Future research should examine differences in the types of 
individual foods that are available and consumed at restaurants versus fast food places, and 
pilot studies should consider pricing or other promotions to educate individuals about the role 
of away-from-home eating in maintaining a healthy diet and preventing weight gain and its 
associated co-morbidities.  
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Table 3. Sociodemographic and behavioral characteristics* of CARDIA adults with complete 
data (n=3,643) 
  All years  
Black- % (SE)  51.6 (0.4)  
Female- % (SE)  54.5 (0.4)  
 Year 7 
(1992-93) 
Year 10 
(1995-96) 
Year 20 
(2005-06) 
Away-From-Home Eating†    
Fast Food- times/week 1.9 (2.5) 1.8 (2.0)‡ 1.7 (2.4)§ 
Fast Food Intake, by Quartile    
Quartile 1 0.2 (0.01) 0.2 (0.01) 0.6 (0.1) 
Quartile 2 0.8 (0.02) 0.9 (0.02) 1.4 (0.1) 
Quartile 3 1.8 (0.04) 1.8 (0.04) 1.8 (0.1) 
Quartile 4 4.5 (0.1) 3.9 (0.1) 2.6 (0.1) 
Change from previous exam -- -0.16 (2.4) -0.13 (2.7) 
Restaurant- times/week 2.3 (3.2) 2.1 (2.3)‡ 2.3 (2.5)|| 
Restaurant Intake, by Quartile    
Quartile 1 0.3 (0.3) 0.4 (0.01) 1.4  (0.1) 
Quartile 2 1.1 (1.0) 1.0 (0.03) 2.0 (0.1) 
Quartile 3 2.0 (1.9) 2.2 (0.1) 2.2 (0.1) 
Quartile 4 5.7 (5.3) 4.3 (0.1) 3.4 (0.1) 
Change from previous exam -- -0.30 (3.4) 0.12 (2.8)|| 
Demographics    
Age- y 32.0 (3.6) 35.0 (3.7)  45.2 (3.6) 
Education- % (SE) †    
< High School 5.8  (0.4) 6.3 (0.4) 4.3 (0.3)§,||   
Completed High School 23.4 (0.7) 23.2 (0.7)  19.9 (0.7)§,|| 
> High school  70.8 (0.7) 70.4 (0.7)  75.8 (0.7)§,|| 
Smoking Status- % (SE)†    
Current Smoker 27.1 (0.7) 25.7 (0.7) 19.4 (0.7)§,|| 
Former Smoker 15.7 (0.6) 16.4 (0.6) 19.4 (0.7)§,|| 
Never Smoker 57.2 (0.8) 57.9 (0.8) 61.1 (0.8)§,|| 
Family Status- % (SE)†    
Married, no children 20.0 (0.6) 17.3 (0.6)‡ 18.8 (0.7) 
Single, no children 31.3 (0.7) 28.0 (0.7)‡ 23.8 (0.7)§,|| 
Married, with children  37.0 (0.8) 42.7 (0.8)‡ 43.7 (0.8)§ 
Single, with children 11.7 (0.5) 12.0 (0.5) 13.7 (0.6)§,|| 
Anthropometrics    
BMI- kg/m2 26.8 (6.1) 27.5 ( 6.5)‡ 29.5 (7.2)§,|| 
BMI < 25.0- % (SE) 44.6 (0.8)  39.6 (0.8)‡ 27.8 (0.8)§,|| 
BMI 25.0- 29.9- % (SE) 30.3 (0.7) 31.9 (0.7) 33.2 (0.8)§ 
BMI ≥30- % (SE) 23.2 (0.7) 26.5 (0.7)‡ 38.1 (0.8)§,|| 
Waist Circumference- cm 84.0 (14.1)  85.9 (14.6)‡ 91.9 (15.6)§,|| 
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Table 3(continued). Sociodemographic and behavioral characteristics* of CARDIA adults 
with complete data (n=3,643). 
 Year 7 
(1992-93) 
Year 10 
(1995-96) 
Year 20 
(2005-06) 
Blood Biomarkers    
Glucose - mg/dL 90.1 (19.4) 86.0 (8.6)‡ 93.2 (10.0)§,|| 
HOMA-IR 3.5 (5.6) 3.1 (2.3)‡ 3.4 (2.4) 
Total cholesterol- mg/dL 177.0 (34.3) 177.7  (34.2) 186.7 (34.6)§,|| 
Triglycerides- mg/dL 86.4 (75.7) 91.5 (73.5)‡ 107.3 (78.2)§,|| 
LD-C- mg/dL 107.6 (31.6) 109.0 (31.8)‡ 110.9 (32.0)§,|| 
HDL-C- mg/dL 52.1 (14.2) 50.2 (14.0)‡ 54.8 (16.8)§,|| 
Physical Activity & Sedentary Behavior†    
Activity- exercise units/day  338.2 
(273.9) 
331.0 (275.0) 335.9 (274.2) 
Television Viewing- hours/day 2.6 (1.8) 2.5 (2.0) 2.6 (2.3) 
 
*
 Values are means (SD). To convert glucose values to mmol per liter multiply by 0.0555.To 
convert total cholesterol, LDL-C and HDL-C values to mmol per liter multiply by 0.0259, and to 
convert triglycerides values to mmol per liter multiply by 0.0113. BMI denotes body mass index, 
LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, and 
HOMA-IR homeostasis model assessment of insulin resistance 
† Data are self-reported and may reflect differences in reporting as well as consumption away-
from-home eating) or participation (physical activity & sedentary behavior). 
‡ Significant difference using student’s t-test [continuous] or chi-squared [categorical] tests Year 
7 vs. year 10, p<0.01. 
§ Significant difference using student’s t-test [continuous] or chi-squared [categorical] tests Year 
7 vs. year 20, p<0.01.  
|| Significant difference using student’s t-test [continuous] or chi-squared [categorical] tests 
between Year 10 vs. year 20, p<0.01.  
 
 Table 4. Year 20 outcomes* associated with quartile of baseline fast food and restaurant consumption. 
   Quartile Fast Food Consumption  
Quartile Restaurant Food 
Consumption 
Year 20 Outcomes n  1 2 3 4  1 2 3 4 
Times/week   0-<0.5 0.5-<1.2 1.2-<2.5 ≥2.5  0-<0.7 0.7-<1.5 1.5- <3 ≥ 3 
Weight  (kg) 1,633  83.1 
(1.4) 
86.3 
(1.0) 
86.7 
(1.0)† 
88.9 
(0.9)† 
 87.0 
(1.1) 
85.7 
(1.1) 
87.7 
(1.0) 
86.7 
(1.0) 
HOMA-IR score 1,510  3.0 
(0.18) 
3.3 
(0.12) 
3.6 
(0.13)† 
3.9 
(0.14)† 
 3.7 
(0.14) 
    3.3 
(0.14) 
3.5 
(0.12) 
3.5 
(0.13) 
Waist Circumference (cm) 1,637  89.0 
(1.0) 
91.8 
(0.7)† 
93.2 
(0.7)† 
94.4 
(0.7)† 
 93.5 
(0.8) 
91.6 
(0.8) 
92.8 
(0.7) 
92.5 
(0.7) 
Total Cholesterol (mg/dL) 1,473  188.0 
(2.5) 
184.6 
(1.9) 
186.7 
(1.9) 
188.3 
(1.7) 
 185.9 
(2.0) 
186.2 
(2.0) 
186.0 
(1.7) 
189.0 
(1.9) 
Triglycerides (mg/dL) 1,473  94.8 
(5.4) 
104.2 
(3.9) 
113.5 
(3.9)† 
117.5 
(3.6)† 
 111.8 
(4.3) 
108.1 
(4.2) 
107.3 
(3.7) 
111.7 
(4.0) 
LDL-C (mg/dL) 1,458  111.4 
(2.3) 
111.8 
(1.7) 
111.3 
(1.7) 
113.4 
(1.6) 
 111.9 
(1.8) 
111.3 
(1.8) 
111.5 
(1.6) 
113.8 
(1.7) 
HDL-C (mg/dL) 1,473  57.5 
(1.1) 
52.6 
(0.8)† 
53.3 
(0.8)† 
52.0 
(0.7)† 
 
52.8 
(0.9) 
53.7 
(0.9) 
53.4 
(0.8) 
53.2 
(0.8) 
 
* Values are predicted mean year 20 outcomes (SE) obtained using beta coefficients from ordinary least squares regression 
models of year 20 outcome (continuous) comparing quartile of weekly fast food and restaurant consumption (average Year 7 
and 10, Quartile 1 [referent]), controlling for age (32-34y, 35-37y, ≥38y vs. <32y [referent]), race (black vs. white [referent]), 
gender, education (< HS, >HS vs. HS/GED [referent]), family structure (married, married with children, single, vs. single 
with children [referent]), CARDIA study center (Birmingham, Chicago, and Minneapolis vs. Oakland [referent]), physical 
activity (≥474 EU per week vs. <474 EU per week [referent]), television viewing (hours per day, continuous), Year 7 total 
calories (continuous), smoking status (current, former vs. never [referent]), and change in fast food and change in restaurant 
consumption (year 20 minus year 10). To convert total cholesterol, LDL-C and HDL-C into mmol per liter multiply by 
0.0259. To convert triglycerides to mmol per liter multiply by 0.0113. HOMA-IR denotes homeostatic model assessment of 
insulin resistance, LDL-C low-density lipoprotein cholesterol, and HDL-C high-density lipoprotein cholesterol. 
†
 β coefficient p-value < 0.05.
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 Table 5. Longitudinal associations between weekly fast food and restaurant consumption with 13-year change* in outcomes.  
   
Fast Food 
β (SE) 
 Restaurant Food 
β (SE) 
13-year change    Model 
 
Model 
in outcomes n Obs. † 1‡ 2§ 
 
1‡ 2§ 
Weight- kg 3,987 8,489 0.15 (0.05)|| 0.15 (0.05)|| 
 
0.09 (0.04) ¶ 0.09 (0.04) ¶ 
     
 
  
HOMA-IR score 3,873 7,921 0.02 (0.01) 0.02 (0.01)  0.007 (0.01) 0.01 (0.01) 
     
 
  
Waist Circumference- cm 3,982 8,472 0.13 (0.04)|| 0.12 (0.04) ¶  0.07 (0.03) ¶    0.08 (0.03) ¶ 
     
 
  
Total Cholesterol- mg/dL 3,926 8,152 0.15 (0.15) 0.15 (0.15)  0.10 (0.12) 0.11 (0.12) 
     
 
  
Triglycerides- mg/dL 3,926 8,152 0.24 (0.40) 0.21 (0.40)  0.18 (0.31) 0.23 (0.31) 
     
 
  
LDL-C- mg/dL 3,450 7,466 0.16 (0.14) 0.16 (0.14)  -0.01 (0.11) 0.004 (0.11) 
     
 
  
HDL-C- mg/dL 3,926 8,152 0.08 (0.06) 0.09 (0.06)  0.07 (0.05) 0.06 (0.05) 
 
* Values are beta coefficients (SE). To convert total cholesterol, LDL-C and HDL-C to mmol per liter multiply by 0.0259. To 
convert triglycerides to mmol per liter multiply by 0.0113. HOMA-IR denotes homeostatic model assessment of insulin resistance, 
LDL-C low-density lipoprotein cholesterol, and HDL-C high-density lipoprotein cholesterol. 
†
 Derived from number of observations (Obs) across three time periods (exam years 7, 10 and 20) per person (n). Values range 
from one to three, with an average of 2.1 observations per person.  
‡
 Model 1 is a repeated measures, conditional longitudinal model of outcome (continuous) on weekly fast food and restaurant 
consumption (continuous), controlling for the time-variant factors age (continuous), education (<HS, >HS, vs. HS/GED 
[referent]), and family structure (married, married with children, single, vs. single with children [referent]). 
§
 Model 2 is model 1 plus the time-variant lifestyle factors physical activity (EU per week, continuous), television viewing (hours 
per week, continuous), and smoking status (current, former vs. never [referent]). 
|| Coefficient is significant using Wald Test, p<0.001. 
¶ Coefficient is significant using Wald Test, p<0.05. 
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VI. Synthesis 
 
A. Overview of findings 
 This research investigates the economic determinants of beverage and away-from-
home food consumption and explores the consequences of these decisions on weight and 
metabolic outcomes. Using 20 years of diet and health data from the Coronary Artery Risk 
Development in Young Adults Study, linked by residential location to community food and 
beverage prices, our analyses make valuable contributions to the field by advancing our 
understanding of the influence of food price on dietary behavior and identifying the 
differential effects of restaurant and fast food consumption on health. These findings fill 
substantive gaps in the literature and have important implications for the creation of effective 
educational campaigns, obesity interventions or prevention efforts, and state and national 
nutrition policies. What follows is a brief summary of our findings, a synthesis of their 
implications, and discussion of directions for future research. 
 
1. Price influences individuals’ consumption behaviors and health outcomes 
 Using prices and dietary intake directly measured at the level of the individual, we 
examined associations between the percent change in food and beverage price with (1) 
percent change in daily energy from the selected beverages and away-from-home foods and 
(2) percent change in total energy intake, body weight, and HOMA-IR scores. We report that 
as the price of a given food increased, daily energy intake from that food, total daily energy 
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intake, body weight, and HOMA-IR scores decreased. For example, an estimated 10% 
increase in the price of soda was associated with an estimated 7.1% decrease in daily energy 
from soda, 1.1% decrease in total energy, 0.3% decline in body weight gain, and 2.0% 
decline in HOMA-IR score over 20-years. Furthermore, we found that increasing the price of 
a combination of foods and beverages resulted in declines total energy intake, weight gain, 
and HOMA-IR scores that were greater than those observed for changes in a single food 
item. In conclusion, these results highlight the importance of price as a determinant of 
consumption behavior and provide support to the call for national, state, or local policies that 
would alter the price of less healthy foods and beverages as a potential mechanism for 
improving the diets of US adults. 
 
 This research fills several substantive gaps in the literature. First, prior research on 
the relationship between food price and consumption has relied on aggregate measures of 
consumption (extrapolated to the individual) or theoretical models of behavioral responses to 
price change. Our research, on the other hand, utilized measures of price and dietary intake, 
which were measured directly at the level of the individual. Thus, our results more closely 
approximate the experiences faced by individuals and provide some evidence for expected 
behavior change associated with changing food prices. Furthermore, our research 
significantly advances the literature on this topic by following individuals over a 20-year 
period. In doing so, we control for individual heterogeneity and are able to draw specific 
conclusions about the response of dietary behavior to changes in food price over time. 
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2. Restaurant and fast food consumption have differential associations with health outcomes 
 Using 13-years of prospective data from black and white young adults, our objective 
was to examine the relationship between changes in the weekly frequency of restaurant 
versus fast food consumption with changes in multiple health outcomes including weight, 
waist circumference, HOMA-IR, total cholesterol, triglycerides, LDL-C and HDL-C levels.   
 
 Compared to those in the lowest quartile of baseline fast food consumption, persons 
in the highest quartile had significantly higher year 20 weight, waist circumference, HOMA-
IR scores, and lower HDL-C levels. These relationships were not observed for weekly 
restaurant consumption: individuals in the highest quartile had no difference in 20-year 
health outcomes compared to those in the lowest quartile. Furthermore, increased weekly 
frequency of both restaurant and fast food consumption over the 13-year period were 
associated with greater weight gain and changes in waist circumference, but the effect was 
larger for persons who increased their fast food intake.  
 
 Previous studies investigating away-from-home food consumption and health 
outcomes have often failed to differentiate between these two food sources. From a 
methodological standpoint, our results highlight the importance of examining the 
independent effects of consuming foods from restaurants versus fast food outlets, particularly 
when baseline intake is used to predict subsequent health outcomes. Failure to account for 
the differential associations between these two exposures may result in estimates which are 
biased toward the null. Furthermore, this study advances our understanding of the 
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consequences of away-from-home eating, by examining the relationship between fast food 
and restaurant consumption with multiple metabolic health outcomes including total 
cholesterol, triglycerides, LDL-C and HDL-C levels. To our knowledge it is the first study to 
do so. Finally, this work emphasizes the importance of public health promotion efforts which 
target regular consumers of fast food. Identification of healthier food options available at fast 
food outlets, the provision of nutritional information or accessible educational materials to 
help consumers make more informed choices, or the use of health messages targeting specific 
away-from-home consumption behaviors are potentially efficacious methods for reducing the 
long-term adverse consequences of frequent fast food consumption. 
  
B. Limitations and Strengths  
 Perhaps the biggest challenge in dietary research lies in our ability to accurately 
capture intake. Our assessment of dietary intake and the frequency of away-from-home food 
consumption was data based on self-reported FFQ data. Self-report data are subject to 
measurement error and recall bias, and can result in inaccurate assessment of diet 
(particularly when the recall time-frame is large), or misclassification of usual dietary 
practices. Although alternative means of capturing dietary intake are available, food 
frequency questionnaires (such as the Diet History utilized in the CARDIA study) have 
become the preferred method for measuring dietary intake in large-scale epidemiologic 
studies (Willett 1998) and the CARDIA Diet History employed several strategies to 
minimize recall error (Liu et al. 1994), including the use of trained technicians to administer 
the questionnaire. Nevertheless, difficulty in recalling dietary intake and accurately 
evaluating the frequency of away-from-home food consumption may lead to 
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misclassification. This non-differential misclassification would result in estimates that are 
biased toward the null. Categorization by quartile of intake, as we used for portions of this 
research, helps to reduce misclassification in our analyses. 
 
 Ideally, study of the relationship between price and intake would capture prices of the 
full range of foods and beverages available for consumption as this allows for evaluation of 
the total effects of price on health. Unfortunately, our results are constrained by the limited 
number of food and beverage prices for which we had overlapping dietary intake data.  
Overwhelmingly, missing prices were of healthier food and beverage options. For example, 
lettuce was the only fresh vegetable for which price data were available, and there was no 
matching “lettuce” food group. This further restricted our ability to fully evaluate the effect 
of substitutability between related products, for example the replacement of low-fat for 
whole-fat milk. Despite these limitations, selection of food and beverage prices was guided 
by careful consideration of hypothesized relationships between the variables of interest. In 
doing so, we were able to maximize utilization of the fixed number of diet and price 
variables available.  
 
 Another important limitation to our analyses is that they do not identify the particular 
foods and beverages consumed at restaurants and fast food places, and thus we cannot 
determine if there are differences in the dietary patterns of individuals who are frequent 
versus infrequent consumers of away-from-home foods, or between frequent consumers of 
food from restaurants versus fast food places. This inability to expressly examine dietary 
patterns may result in dilution of our estimated effects. For example, persons who regularly 
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consume salads from a fast food restaurant may have very different associations with health 
outcomes compared to persons who regularly consume hamburgers and French fries. If these 
effects are in opposing directions, failure to account for the differences would result in 
diluted effects. However, our research provides important insight to the differences that exist 
between restaurant and fast food consumption and highlights areas where future studies 
might offer additional understanding of the relationship between away-from-home eating and 
health. 
 
 Finally, in this research we cannot fully account for endogeneity, and thus our ability 
to infer causal relationships is limited. Endogeneity arises when the outcome and exposure 
variables are correlated with a third, often unmeasured or unobserved, variable or when 
variables within a system (within a model) are predicted by other variables within the system. 
This can be a particularly salient issue for longitudinal data, and analyses where exposure 
and outcome are multifactorial, particularly when the data are not analyzed using appropriate 
statistical techniques. For example, there may be unmeasured individual characteristics 
which influence an individuals’ decision to consume fast food and that also impact weight 
status.  
 
 Although we utilized fixed-effect models in an attempt to address endogeneity, fixed 
effect models can only control for endogeneity arising from time invariant factors or 
individual characteristics. Unmeasured or poorly measured time variant characteristics, 
however, are not accounted for using fixed effect models. This may partially explain our 
failure to find an effect in longitudinal models of away-from-home food consumption on 
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weight and metabolic outcomes (aim 2), where one was observed using cross-sectional 
analyses: change in an individual’s motivation to improve their health, an unmeasured time-
variant characteristic, could be affecting both their weight status and their frequency of fast 
food consumption. We are less concerned about endogeneity in aim 1, as our exposure 
variable is fully exogenous (i.e. not predicted by any other variable contained within the 
model).  
 
 Despite these limitations, this body of research has many strengths. Although there 
has been increased interest in examining the effects of away-from-home eating on health, few 
studies have attempted to characterize, or independently examine, different types of away-
from-home food sources. Our research on the differences between fast food and restaurant 
consumption has highlighted some striking differences between these two food options, and 
may partially explain some of the discrepant findings in the literature on this topic.  
 
 The longitudinal, prospective nature of our data was another strength. Using multiple 
waves of data, collected over decades, enabled us to test for time-dependent factors 
associated with fast food and beverage price, consumption, and long-term health outcomes. 
Furthermore, these data, in combination with our application of powerful methodological 
modeling strategies, allowed us to partially control for time-invariant unobserved and 
unmeasured characteristics and to increase the precision of our estimates. Finally, 
longitudinal studies are important for establishing temporality; thus our research makes a 
considerable contribution to the field which has largely used cross-sectional data to analyze 
these relationships.  
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 Finally, although many studies have attempted to estimate the effect of food price on 
consumption, these studies overwhelmingly use household or aggregate (regional or national 
level) expenditure data to represent the food costs experienced by individuals. Further, most 
studies draw on global measures of availability, rather than consumption, or utilize aggregate 
measures of consumption and estimate to the individual-level. Examples of these types of 
data and research questions include using national estimates of sugar availability to evaluate 
individual-level sugar consumption, or using household spending on dairy products to 
estimate per person costs associated with milk consumption. The defining limitation of these 
studies is that they do not directly link food prices faced by an individual to that individual’s 
dietary patterns or subsequent health outcomes.  
 
 This is a major strength of our research, and fills an important gap in the literature. 
We utilized directly measured health and diet data, which were linked both spatially and 
temporally to prices of a variety of foods and beverages as well as other consumer goods and 
services. This allows us to more accurately represent the experience of the individual, and 
because these data extend over a full 20-year period, to examine directly how changes in 
food price are associated with changes in individual-level purchasing behaviors and health 
outcomes. Related, the quality of the CARDIA diet and health data is a significant strength of 
this research. Health outcome data (i.e. weight, blood pressure) were collected by trained 
technicians using repeat measures; the standardized diet history questionnaire, designed 
specifically for the CARDIA sample, has been shown to produce valid and reliable estimates 
of dietary intake; and loss to follow-up was minimal. 
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C. Public Health Significance 
 In this uncertain economic time, when health-care costs are escalating, and the 
prevalence of preventable chronic conditions, such as obesity and the metabolic syndrome, 
continue to rise, the seemingly simple decision “What should I eat?” is becoming 
increasingly complex. The decision is influenced by myriad factors acting on multiple levels 
and has considerable ramifications for health. Our research, which critically examined the 
determinants and consequences of dietary intake, has important implications for advancing 
the public’s health by informing effective intervention strategies and nutrition policies aimed 
at arresting the rates of obesity and obesity-related chronic disease development.  
 
1. Price policies could effectively alter consumption behaviors 
 We found that price increases for selected beverages and away-from-home foods 
were associated with decreased energy intake from those foods, as well as global declines in 
total energy intake, body weight, and HOMA-IR scores over a 20-year period. Individuals 
seemed to be particularly sensitive to changes in the price of soda and away-from-home 
pizza, and the associated health effects were even greater when the price of both foods were 
altered when compared to the estimated effects of changing the price of soda or pizza alone.  
 
 Price is often cited as a motivating factor determining food choice (Finkelstein et al. 
2004; Cardello and Garr (In Press) 2009). Aligned with these findings, our findings suggest 
that local, state, or national policies aimed at adjusting the price of less healthy food items 
may be one possible mechanism by which to impact consumption patterns and health. 
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Numerous states have passed (or are proposing to pass) laws regulating the price of foods 
containing sugar and fat (Chouinard et al. 2007). Our findings suggest that fiscal 
interventions, such as taxes, could result in reduced consumption, and may have long-term 
health benefits related to decreased energy intake and weight change. This has clearly been 
observed in the tobacco literature, where taxation has resulted in a reduction in smoking 
rates, particularly among adolescents (Grossman and Chaloupka 1997; Chaloupka et al. 
2002; Wakefield et al. 2008). 
 
 Our findings also highlight the need to consider pricing of multiple foods and 
beverages, particularly foods and beverages that could serve as replacement items for the 
taxed good. Given the wide array of food items available to consumers, it is shortsighted to 
assume that narrowly defined taxes, applied to a single food or beverage item, will have 
consequential effects on health, particularly health outcomes with multidimensional dietary 
and behavioral determinants. For example, taxes levied on sugar-sweetened beverages might 
result in little improvement in health if consumers simply switch to 100% fruit juice or a 
high-fat beverage, especially if total energy intake is not affected. Taking into account 
overall dietary patterns and the relationships between various foods and beverages, will 
likely result in price policies which have greater influence on purchasing behavior, 
particularly if those policies have clearly defined objectives and are not overly burdensome 
to selected subgroups (i.e. lower income individuals) (Finkelstein et al. 2004). 
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2. Successful intervention strategies will need to consider food price  
 As evidence of a link between diet and disease has grown stronger, recent decades 
have witnessed an immense proliferation of interventions aimed at altering unhealthy dietary 
behaviors and promoting healthier ones. Increased consumption of fruits and vegetables, 
fiber, low-fat meats or dairy, reduction in sugar-sweetened beverages, red meat, saturated fat, 
total fat, and decreased snacking have been the goals of numerous nutrition interventions. 
Regardless of the dietary target, most interventions employ a similar set of techniques: 
provision of education materials or use of motivational strategies aimed at increasing 
knowledge and self-efficacy to consume (or not consume) the targeted food, utilization of 
schools or worksites as a means to increase (decrease) availability, and use of grocery store 
point-of-purchase labeling to increase (decrease) sales.  
 
 Some, but not all, of these interventions have resulted in successful behavior change, 
but these changes are not always sustained long-term. This may partly be due to the narrow-
scope of the intervention methods. Price has been shown to play an important role in 
determining dietary behavior, and some studies have demonstrated that the combination of 
education and changes in price is a particularly powerful method for altering purchasing and 
consumption (Jeffery et al. 1994; French et al. 2001; French 2003). Price is a particularly 
salient issue for interventions whose goal is to increase intake of the more expensive, 
nutrient-rich foods, such as fruits and vegetables (Drewnowski et al. 2004; Drewnowski and 
Darmon 2005).  
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 We have shown that individuals respond to changes in food price and that complex 
interactions between food prices, consumption behaviors, and health outcomes exist. 
Particularly at set incomes, individuals will likely make decisions which maximize energy 
intake while minimizing food costs (Drewnowski and Darmon 2005). If this is the case, then 
simply encouraging low-income households to consume more costly foods is an ineffective 
public health strategy, and food price needs to be considered if long-term dietary strategies 
are to be maintained or dietary recommendations adhered to.  
 
3. Identification or provision of healthier food options at fast food outlets may benefit 
consumers’ health 
 Away-from-home eating is often targeted as a modifiable risk factor for obesity 
prevention efforts and is cited by the World Cancer Research Fund-American Institute for 
Cancer Research as a probable cause of weight gain, overweight, and obesity “which should 
be consumed sparingly, if at all (World Cancer Research Fund / American Institute for 
Cancer Research 2007).” However, our findings suggest that this blanket statement may be 
slightly misleading: distinct from other research, our findings show that frequent 
consumption of fast food, but not consumption of sit-down style restaurant food, is adversely 
associated with multiple health outcomes. Over a 13-year period, higher baseline 
consumption of fast food resulted in higher weight, waist circumference, HOMA-IR scores, 
and lower HDL-C levels, but these associations were not observed for higher consumption 
from restaurants. 
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 The decision to consume food outside the home is influenced by a variety of factors 
and although health is not always one of them, our findings suggest that empowering 
individuals’ in their capacity to make the healthiest dietary choices possible, particularly 
when patronizing fast food places, may have beneficial effects on health. Labeling is one 
such mechanism by which consumer choices might be influenced. Requirements for labeling 
of trans-fats resulted in the adoption of healthier ingredients and preparation techniques used 
at many fast food chains (Center for Science in the Public Interest 2006; Horovitz 2006) and 
it is hoped that a recent initiative in the city of New York, which requires fast food outlets to 
post calorie information on their menu boards, will spur similar improvements in other 
aspects of fast food menu offerings.  
 
 Also important is engagement of the restaurant and food industry as active 
participants in improving the quality of their product. To some extent, fast food outlets have 
done this: eliminating trans-fats from their cooking oils and super-sized options from their 
menus. However, at least one study reported that profit margins are the primary determinants 
of why food retail outlets do (or do not) add (or continue to serve) a given food item (Glanz 
et al. 2007; Cardello and Garr (In Press) 2009), so without increased consumer demand there 
is little incentive for restaurants and fast food places to continue to offer healthier products. 
Furthermore, studies have indicated that most patrons are unaware of the high levels of 
calories, fat, and sodium found in many menu items (Burton et al. 2006), but those that were 
tended to have healthier diets (Variyam 2008). Without full disclosure by restaurants and fast 
food places, uninformed consumers cannot be expected to demand healthier options. 
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 In summary, informational campaigns educating individuals about the long-term 
health consequences of their away-from-home eating habits, intervention strategies or 
nutrition policies that provide consumers with the tools necessary to make healthy and 
informed decisions at fast food places, and initiatives aimed at engaging the restaurant 
industry in the improvement of their products can help ensure future public health. 
  
D. Future Directions 
 There are many natural extensions of this research that could help advance our 
understanding of the determinants of food and beverage consumption and identify possible 
means of preventing excess weight gain and weight-related co-morbidities. 
 
1. Identify additional determinants of away-from-home eating 
 A crucial area for future research involves examination of additional factors which 
influence an individual’s food purchasing decisions, particularly their decision to consume 
food away-from-home. Income is one such factor. Although commonly cited as a 
determinant of away-from-home eating, income functions as a coarse proxy for a more 
complex set of factors which may, or may not, have critical influences on decisions regarding 
consumption. For example, income may represent greater amounts of free time, a higher 
level of education regarding the importance of maintaining a healthy lifestyle, increased 
access to healthier foods, and/or greater motivation to engage in healthy dietary or activity 
patterns. Future analyses will benefit from a deconstruction of many of these broad-scale 
factors and a closer examination of their underlying component parts. Such results, in turn, 
will help identify more specific target areas for future interventions and nutrition policies. 
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 By extension, future studies should also explore the role of the food environment as a 
potential determinant in shaping individual behaviors associated with disease development.  
With respect to dietary patterns and obesity, understanding the food environment as it relates 
to the availability of food stuffs is particularly salient as convenience and availability are 
important predictors of food habits (Glanz et al. 1998; Croll et al. 2001; Neumark-Sztainer et 
al. 2003; Inglis et al. 2005) and might directly influence individual dietary behaviors through 
targeted placement  of food stores (Block et al. 2004; Austin et al. 2005).  
 
 Area level factors might also have important mediating effects between individual-
level dietary determinants and diet or health outcomes. Numerous studies have demonstrated 
differential access to food places, including supermarkets, smaller grocery stores, restaurants 
and fast food places, by neighborhood deprivation, ethnic composition, and area-level wealth 
(Morland et al. 2002; Reidpath et al. 2002; Cummins et al. 2005; Moore and Diez Roux 
2006; Pearce et al. 2007). Such factors are typically measured at the individual-level (i.e. 
using variables such as race or income), but observed associations between these factors and 
health may be mediated through area-level factors. Development of more effective 
intervention studies can be informed by examining the relationship between individual and 
area-level predictors of behavior and health, as well as deepening our understanding of the 
proximate influences those area-level factors have on behavior.  
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2. Determine the specific foods consumed away-from-home  
 In addition, future studies should refine research on the relationships between away-
from-home eating and health by collecting detailed information on the types of foods 
consumed from restaurants versus fast food outlets. For example, building upon our research 
assessing consumption frequency, future research could also investigate how the specific 
dietary patterns of frequent restaurant versus fast food consumers differ from one another. In 
doing so, we might identify whether or not regular consumers of one food source or another 
have healthier overall dietary intake, or determine if subsets of consumption patterns exist 
(i.e. high intake of soup and salad among those who are frequent consumers of fast food). 
This type of research is imperative for better understanding of the role away-from-home 
eating plays in the development in obesity and obesity-related co-morbidities and will inform 
future public health messages regarding away-from-home eating and health. 
 
3. Examine price influences of healthier food items 
 Building upon our research, which was limited by a narrow list of available food and 
beverage items and precluded the study of healthier food options such as fresh vegetables and 
fish, future prospective analyses should carefully consider the relationship between price and 
consumption of such healthier food items, as well as the complex exchanges between these 
foods and potential replacement goods. Many argue against taxes on high-sugar or high-fat 
foods because they are regressive, imposing a greater burden on the poor compared to the 
rich. Others believe that imposition of taxes on a select group of [“unhealthy”] foods and 
beverages establishes an unnecessary dichotomy of “good” versus “bad” foods: leading to a 
culture of fear where those bad foods are to be avoided wholesale. Subsidies, typically for 
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fresh fruits and vegetables, are frequently offered as alternatives to taxation policy because 
they do not put undo burden on lower income individuals and promote, rather than 
discourage, desired behaviors. However, more evidence is needed to show that subsidies 
would result in the desired change in purchasing or consumption behaviors. Equally 
important is the continued assessment of income as a predictor and mediator in these 
relationships, as lower income individuals are most often the intended beneficiaries. The 
long-term ineffectiveness of so many current nutrition intervention efforts, particularly 
among lower income individuals, suggests that targeting upstream factors associated with 
dietary intake may prove beneficial, and when taken in combination with our results, will 
inform future nutrition policies.  
 
4. Monitor and evaluate recent policy initiatives  
 Finally, within recent months policies have been (or will be) passed which have the 
goals of (1) increasing consumer awareness by providing calorie information at fast food 
places or (2) altering consumption behavior by increasing prices of high fat, high sugar foods 
and beverages. With the passing of such policies, public health researchers have the distinct 
opportunity to examine the consequences in a real world setting, and to determine the degree 
to which such policies are able to meet their objectives. Our research suggests that both 
policies should successfully influence consumption decisions and may even lead to 
reductions in adverse health outcomes, particularly the prevention of weight gain. Continued 
monitoring of the dietary and health implications of these policies is an opportunity that 
should not be wasted and can inform future interventions and national nutrition initiatives. 
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E. Conclusion 
 A recent advertisement by a well known fast food restaurant features a young couple, 
engaged in routine activities, maximizing the value of the items they purchase. The husband, 
in particular, finds somewhat ridiculous ways to accomplish this goal: for example using an 
industrial-sized vice to squeeze out the last of the toothpaste. In the final scene we see him 
with a jack hammer tearing up the sidewalk in front of his home, the walkway and front steps 
lay in pieces behind him. As his wife approaches she says “I thought we were only going to 
redo the steps” to which he responds, “No honey. I rented this for the whole day. I’m going 
to get my money’s worth.” Holding up a take-out bag his wife responds, “I thought we might 
try this instead.” Smiling, he puts down the jack hammer and they enjoy their hamburgers 
together.  
 
 This commercial tells a very particular story about food, one that highlights the 
importance of value and the means by which that value can be obtained- through the 
purchase of fast food. The story is not false, but by defining value in this way it ignores the 
consequences of consuming such a diet and discounts the future costs associated with that 
decision. Our research provides a different perspective about food, one that highlights the 
important consequences of our food purchasing and consumption decisions and attempts to 
understand the motivations behind those behaviors. These findings do not tell the whole story 
either, as the set of predictors and outcomes associated with dietary behavior is far more 
complex than we have examined in these analyses, and considerable work remains to fully 
elucidate these relationships.  
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 The division between these two messages, between the two narratives put forth by the 
food industry and public health nutrition science, is the space in which our research becomes 
relevant. It underscores the importance of disseminating information to consumers regarding 
the consequences of their food decisions; it speaks to the power that scientific research has to 
influence local, state, and national nutrition policies; reminds us of the continued need to 
rigorously pursue answers to relevant scientific questions; and encourages translation 
between science and public interest. By engaging in conversations within this space we will 
begin to tell a more complete story about food and health. 
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